ir 

IIDI056IB1T0E  0?  ASiTOMT  IM  Of  Ol'Eli  l 
ST,  BlBIUOUIMEW'e  HOSPIT, 


HUMAN  OSTEOLOGY: 


COMPHISING 

WITH  DELINEATIONS  OE  THE  ATTACHMENTS  OP  THE  MUSCLES ; 

THE  GENERAL  AND  MICEOSCOPIC  STRUCTURE  OP  BONE 
AND  ITS  DEVELOPMENT. 

TO  WHICH  IS  ADDED 

A  BRIEF  NOTICE  OF  THE  UNITY  OF  TYPE  IN  THE  CONSTRUCTION  OF  THE 
VERTEBRATE  SKELETON. 


BY 

LUTHEE  pLDEN,  F.E.C.S. 

DEMONSTBATOE  OF  ANATOSIY  AKD  OF  OPEEATITB  StTEGERY  AT 
ST.  BAETHOLOMEW'S  HOSPITAL 


SECOND  EDITION. 


ILLTJ8TEATED  BT  NUMEEOUS  DEALINGS  ON  STONE,  AND  WOODCUTS. 


LONDON: 

JOHN  CHURCHILL,  NEW  BURLINGTON  STREET. 


MDCCCLA'II. 


PEB'FACE 

TO 

THE    SECOND  EDITION. 


In  the  Second  Edition  of  this  work  the  author  has  added 
the  cartilages  and  muscles  of  the  larynx,  and  the  anatomy 
of  the  internal  ear.  These  subjects  are  respectively 
illustrated  by  additional  plates  and  numerous  wood  en- 
gravings. 

GowER  Street : 
September  1857. 


PREFACE 


TO 


THE    FIRST  EDITION. 


4 


1^ 


work  tk  aufk  ks  siM 
cies  of  the  larpx,  and  tlie  mtow 
subjects  are  respectively 
r«  and  numerous  wood  en- 


This  work  is  intended  as  an  introduction  to  the  Manual  of 
Anatomy  already  published  by  the  author.  Its  object  is  to 
teach  the  student  the  bones,  and  the  accurate  attachments 
of  the  muscles.  Practical  observations  are  here  and  there 
interspersed.  The  plan  of  the  plates  is  novel,  and  speaks  for 
itself ;  it  is  only  necessary  to  explain  that  the  red  outlines 
denote  the  origins  of  muscles ;  the  blue,  the  insertions. 

The  microscopic  structure  of  bone  has  been  introduced, 
because  such  knowledge  is  essential  to  a  right  understanding 
of  its  diseases.  This  part  of  the  work  has  passed  under  the 
eye  of  Professor  Quekett.  The  author  is  deeply  indebted 
to  that  gentleman  for  his  kindness  in  imparting  informa- 
tion, and  permitting  access  to  his  beautiful  drawings  and 
preparations,  of  which  liberal  use  has  been  made. 
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construction  of  the  Vertebrate  Skeleton. 
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HUMAN  OSTEOLOGY. 


Importance  and    Whoeyer  would  become  a  good  surgeon,  must 

interest  of  Osteo-  j^^^^j^g  j^imself  master  of  human  osteoloscy.  It  is' 
logy.  _  ... 

not  only  his  first,  but  his  principal  and  constant 

professional  study.  During  his  dissections  he  is  continually  refer- 
ring to  the  skeleton.  He  cannot  reduce  the  simplest  dislocation 
mthout  a  competent  knowledge  of  the  bones.  The  subject  appears 
dry  and  tedious  to  a  beginner  —  what  study,  indeed,  does  not  ?  — 
but  a  little  progress  will  convince  him  that,  so  far  from  being  dry, 
it  is  full  of  interest,  not  only  as  conducive  to  professional  success, 
but  for  its  own  sake.  No  part  of  creation  displays  moje  manifest 
design  than  the  human  skeleton.  Undertaken  in  a  right  spirit,  the 
study  of  it  becomes,  with  many,  a  favourite  pursuit,  —  leads  us  to 
look  a  little  beyond  "final  purposes,"  and  creates  a  natural  longing 
to  know  something  of  the  skeleton  of  the  lower  animals,  that  we 
may  the  better  judge  of  the  admirable  construction  of  our  own ; 
for  it  is  only  by  comparison  that  we  can  judge.  When  the  great 
truth  unfolds  itself,  that  o;ir  own  structure  is  but  a  modification  of 
the  "  one  common  pattern  "  upon  which  all  vertebrate  animals  ai-e 
formed,  we  cannot  but  feel  mth  the  philosophic  poet,  that  — 

"  'Tis  the  sublime  of  man, 
Our  noontide  majesty,  to  know  ourselves 
Parts  and  proportions  of  a  wondrous  whole." 


Coleridge. 
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GENEKAL  OBSERVATIONS 


Use  of  the  bones.  '^^^^  bones  form  a  framework  for  the  moulding 

and  adequate  support  of  the  soft  parts  of  the 
body ;  they  form  cavities  for  the  lodgment  and  protection  of 
delicate  organs,  —  e.  g.,  the  f^nll  for  the  protection  of  the  brain ; 
the  vertebral  canal  for  the  protection  of  the  spinal  cord ;  the  orbit 
for  the  protection  of  the  eye ;  the  chambers  in  the  temporal  bone 
for  the  protection  of  the  internal  ear;  the  chest  for  the  protection 
of  the  heart  and  lungs,  &c. :  they  form  the  joints  for  the  locomotion 
of  the  whole  body,  as  well  as  for  the  movement  of  its  individual 
parts :  they  form  levers  for  the  action  of  the  muscles. 

General  compo-  Bone  is  composed  of  a  basis  of  animal  matter 
sition  of  bone.—  impregnated  with  "  bone  earth  "  or  phosphate  of 
Its  analysis.  ^.^^^         ^^^^  ingredient  makes  it  tenacious  and 

elastic  ;  the  second  gives  it  the  requisite  hardness.    The  analysis 
is  easily  made.    Place  a  bone  in  a  solution  of  one  part  of  dilute 
hydrochloric  acid  to  five  or  six  of. distilled  water;  in  a  few  days  all 
the  earthy  part  will  be  dissolved  out  by  the  acid,  and  the  animal 
part  will  be  left.    The  bone  will  be  scarcely  altered  in  shape  or 
colour,  but  it  can  be  bent  and  twisted  in  any  direction.    On  the 
other  hand,  to  get  rid  of  the  animal  matter  we  have  merely  to  boil 
the  bone  for  a  long  time ;  or  the  bone  may  be  calcined  till  all  the 
animal  matter  is  burnt  out.    In  either  of  these  ways  the  animal 
constituent  of  the  bone  will  be  removed,  and  nothing  left  but  the 
earthy.    The  animal  matter  consists  of  gelatin  (or  glutin),  which  is 
nearly  all  soluble  in  boiling  water.    Everyone  knows  that  soup  may 
be  made  out  of  bones.   Notwithstanding  their  antiquity,  fossil  bones 
are  found  to  contain  nearly  as  much  animal  matter  as  recent  bones. 
Gimbernat  made  soup  from  the  gelatin  of  the  mastodon's  tooth, 
as  Dr.  Bucldand  afterwards  did  from  the  fossil  bones  of  the  hyaena. 

Eelative  propor-  As  to  the  relative  proportions  of  the  animal 
tions  of  the  animal  ^^^(j  earthy  matter  in  bone,  the  best  chemists 
and  earthy  mat-    ^^^^  ^^^^        ^^-^^^  p^^.^  ^^^^^  ^bout  one  third, 

the  earthy  two  thirds.  Are  these  proportions 
constant  ?  Do  they  vary  at  different  periods  of  life,  and  in  differ- 
ent bones  of  the  skeleton?  It  is  the  generally  received  opmion 
that  they  do  vary.  It  is  believed  that  the  animal  element  pre- 
dominates in  the  bones  at  the  beginning  of  life,  and  the  earthy 
element  at  the  decline.  This  is  assigned  as  the  reason  why  the  bones 
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of  children  are  so  elastic,  so  liable  to  indent,  as  in  the  case  of  the 
skullcap,  and  to  bend  like  a  green  stick  rather  than  break  like 
the  bones  of  the  aged.  Some  recent  investigators*,  however,  have 
impugned  the  correctness  of  this  opinion.  Their  analyses  go  to 
prove  that  equal  weights  of  bone  tissue  contain,  at  all  ages,  and  in 
all  bones,  nearly  the  same  relative  proportions  of  animal  and  earthy 
matter.  A  particle  of  bone,  they  say,  is  a  definite,  not  a  variable 
compound.  The  hardness  and  corhpactness  of  bone  depend,  not 
upon  the  vai-iations  of  its  earthy  ingredient,  but  upon  the  quantity 
of  bone  condensed  in  a  given  space.  The  peculiarity  of  the  bones 
of  children  arises  from  the  greater  sponginess  of  their  texture,  and 
from  the  layers  of  cartilage  introduced  in  appropriate  parts  to 
facilitate  growth  and  to  break  shocks. 

Lehman's  ana-  The  following  is  Lehman's  |  analysis  of  adult 
lysis  of  bone.  human  bone  :— 

Animal  matter     ,       ,       .       .    33  per  cent. 
Earthy  matter,  namely  — 

Phosphate  of  lime     .       .  .57 

Carbonate  of  lime     ...  8 

Fluoride  of  calcium  ...  1 

Phosphate  of  magnesia      .       .  1 


3J 
55 
35 
33 


100 


Dr.  Bostock's  In  the  disease  of  early  life  called  "  rickets,"  in 
etty  bones"*^  "^^^^^         bones  bend  and   become  distorted, 

from  deficiency  of  earthy  matter.  Dr.  Bostock 
foimd  the  proportions  of  animal  and  earthy  matter  to  be  — 

Animal  matter       .    '    .       .    79.75  per  cent. 
Earthy  matter       .       .       .    20-25  „ 

*  Dr.  Stark,  "Edinb.  Med.  and  Surg.  Journal,"  April,  1845  ;  Nolaton,  "Elements 
dc  Pathologie,"  t.  i.  p.  636. 

Mr  E.  Tuson,  Demonstrator  of  Chemistry  at  St.  Bartholome%v's  Hospital,  has  given  me 
the  subjomed  analysis  of  100  parts,  by  weight,  of  human  long  bones  of  different  ages  :- 

At  Birth.  10  Years.  36  Years.  71  Years. 

Organic  matter  .  .  35-37  ,  .  32-62  .  .  32-04  32-94 
Inorganic  matter  .     ,  64  63   .     .   67  38   .     .   67-96  .     .  67-06 


100-00  100-00  10000  100-00 

t  Physiological  Chemistry,  vol.  iii.  p.  18. 
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Of  all  animals,  the  bones  of  birds  (especially  of  the  predaceous 
kind)  contain  the  largest  proportion  of  earthy  matter.  Hence 
their  great  compactness  and  white  colour.  The  bones  of  mammalia 
contain  the  next  proportion :  those  of  reptiles  the  next ;  and  least 
of  all  those  of  fishes. 

Importance    of       Of  the  earthy  ingredients  of  bone,  the  phos- 
phosphate  of  lime,    pj^^te  of  lime  holds  by  far  the  first  rank  ;  hence 
it  is  commonly  called  "  bone  earth."    Adult  bone  contains  57  per 
cent,  of  it,  and  not  more  than  8  per  cent,  of  the  carbonate  of  lime. 
The  latter  is  the  principal  ingredient  in  the  hardening  of  shells. 
But  the  phosphate  of  hme  is  made  use  of  to  harden  bone,  because 
it  forms  a  harder  compound  with  animal  matter  than  the  carbonate. 
What  can  be  harder  than  the  enamel  of  the  teeth  ?    And  this  con- 
sists of  a  very  large  proportion  of  phosphate  of  lime  combined  with 
animal  matter.  According  to  Berzelius,  there  is  only  2  per  cent,  of 
animal  matter  in  the  enamel,  and  of  the  remaining  98  parts,  88^ 
consist  of  phosphate  of  lime. 

Phosphate  of  lime  enters  not  only  as  the  principal  earthy 
ingredient  into  the  composition  of  bone,  but  is  contained,  more 
or  less,  in  nearly  aU  the  tissues  of  the  body.    Of  all  inorganic 
materials  it  appears  to  be  the  most  essential  both  for  vegetable 
and  animal  life.    Therefore  it  is  not  only  a  most  important  article 
of  diet,  but  also  a  necessary  manure.     "Those  parts  of  plants 
which  experience  has  taught  us  to  be  the  most  nutritious,  contain 
the  largest  proportion  of  the  phosphates,  —  such  as  bread-corn, 
peas,  beans,  and  lentils."*    It  has  been  ascertained  by  experi- 
ment, that  if  animals  have  their  entire  supply  of  phosphate  of  lime 
cut  off,  after  some  weeks  of  illness,  they  are  attacked  with  diarrhoea, 
which  soon  kills  them.   Theu-  bones  are  fdund  very  much  softened; 
and  it  is  not  unlikely  that  the  phosphate  is  absorbed  from  their 
bones  to  supply  other  more  important  structures,  such  as  the 

nerves  and  muscles. 

It  is  the  quantity  of  phosphate  of  lime  in  the  bones  which  makes 
them  so  valuable  as  manure.  The  bones  are  boiled  to  extract  the 
gelatin  or  glue;  afterwards  they  are  crushed  in  a  mill,  and,  as 
"bone  dust,"  form  an  extensive  article  of  commerce. 

»  Liebig's  Letters  on  Chemistry,  p.  522. 
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ON  THE  STRUCTUBE  OF  BONE. 


Strength  of  bone.      From  the  experiments  of  Professor  Robison,  it 
appears  that  the  strength  of  bone,  as  contrasted 
with  other  substances,  is  remarkable.    He  found  that  the  follow- 
ing materials  stood  in  point  of  strength  to  each  other  thus  :  — 


Fine  freestone,  as  . 

.  1-0 

Lead 

.  6-5 

Elm  and  ash  . 

.  8-5 

Pox,  yew,  oak  . 

.  11-0 

Bone 

.  22-0 

bone. 


Hence  bone  is  twice  as  strong  as  oak.  Professor  Eobison  found 
that  a  piece  of  bone  an  inch  square  would  bear  5000  lbs.  weight.* 
Besides  this,  we  shall  presently  see  that  bone  is  constructed  so 
as  to  give  the  greatest  strength  with  the  least  expenditure  of 
materials. 

Elasticity  of  In  consequence  of  the  animal  matter  they 
contain,  bones  possess  a  certain  amount  of  elas- 
ticity. If  a  skull  be  thrown  upon  the  ground,  it  will  rebound. 
The  degree  of  elasticity  varies  in  dififerent  bones,  according  to 
their  form  and  texture.  The  clavicle,  for  instance,  owing  to  its 
curved  form,  is  remarkably  elastic, — a  property  which  enables  it  to 
break  the  shock  of  a  fall  upon  the  hand.  If  one  end  of  a  clavicle 
be  placed  at  right  angles  against  a  hard  substance,  and  the  other 
struck  with  a  smart  blow  of  a  hammer,  we  shall  find  that  the 
bone  will  rebound  to  a  distance  of  nearly  two  feet.  The  ribs,  too, 
are  exceedingly  elastic.  The  Arab  children  make  excellent  bows 
with  the  ribs  of  camels.  Perhaps  the  best  instance  we  can  adduce 
of  elasticity  in  bone  is  the  clavicle  (merry-thought)  of  the  bird. 
It  acts  as  a  spring,  and  restores  the  base  of  the  wings  to  their 
proper  position  after  the  action  of  the  muscles  of  flight.  All  the 
long  bones  in  the  human  body  are  more  or  less  curved,  that  they 
may  have  the  benefit  of  elasticity. 

Division  of  bones  Though  the  bones  present  every  variety  of 
into  three  eiasses.  form  and  size,  yet,  for  convenience  of  description, 
anatomists  divide  them  into  three  classes— 1.  The  long  and 

♦  Gregory's  Mechanics,  vol.  i.  c.  v. 
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round ;  2.  The  broad  and  flat ;  3.  Tlje  short  and  square,  or 
irregular.    The  long  and  round  form  the  great  levers  of  the  limbs, 
and  are  adapted  for  motion.    The  broad  and  flat  are  found  chiefly 
in  the  skull  and  pelvis,  and  are  adapted  for  protection.  The 
short  and  irregular  are  for  limited  motion  combined  with  strength ; 
as  the  bones  of  the  spine,  the  carpal  and  tarsal  bones. 
NoMENCLATUKB.      lu  doscribing  the  different  parts  of  a  bone, 
we  make  use  of  terms, — Latin,  Grreek,  or  Eng- 
lish, as  the  case  may  be, — which  denote  either  the  form  of  the 
part,  or  its  fancied  resemblance  to  some  natural  object,  or  the 
purpose  it  serves.    We  soon  become  familiar  with  such  terms  as 
"  eminences,"  "  depressions,"  "  processes,"  "  tuberosities,"  "  spines," 
"  foramina,"  "  notches,"  "  canals,"  "  sinus,"  "  fossae,"  "  trochanters," 
"condyles,"  &c.    Again,  there  are  parts  of  bones  named  after 
some  celebrated  anatomist,  who  may  have  first  described  them: 
for  instance,  the  "  aqueduct  of  Fallopius,"  the  "  antrum  of  High- 
more,"  &c. 

We  come  next  to  examine  the  structure  of  bone,  so  far  as  it  can 
be  seen  with  the  naked  eye.  Afterwards  we  will  examine  its 
minute  structure  with  the  microscope.  Lastly,  we  will  give  a 
concise  account  of  the  development  and  growth  of  bone. 

Structure  of      The  best  way  to  obtain  a  rough  idea  of  the 

Bone.  Compact  g^^^^g^^^j-e  of  bone,  is  to  make  a  vertical  section 
and  cancellous  tis-  ,t  p 

sue.  through  one  of  the  long  bones  —  say  the  lemur 

—  all  the  way  down  (Plate  A).  We  shall  then 
see  that  the  outer  part,  or  "wall"  of  the  bone,  is  compact  like 
ivory;  the  interior  is  hollow,  forming  the  "medullary  canal," 
or  cavity  containing  the  marrow.  The  ends,  which  expand  to 
form  the  joints,  are  composed  of  a  beautiful  network  of  plates  and 
columns  of  bone,  forming  what  is  called  "  cancellous  or  spongy 
tissue,"  which  in  the  recent  state  is  also  filled  with  marrow. 

Shaft  of  a  bone,       Why   is  the  shaft   of  a  long  bone  hollow? 
why  hollow.  -j^q^  ^^^y  for  lightness'  sake,  but  also  because, 

the  amount  of  material  being  the  same,  a  hollow  cylinder  is 
much  stronger  than  a  solid  one.  It  is  proved  that  the  lateral 
strengths  of  two  cylinders  of  equal  weight  and  length,  of  which 
one  is  hollow  and  the  other  solid,  are,  respectively,  as  the  diameters 
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Air  cells  in 
bone. 
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of  their  transverse  sections ;  pro^^ided  always  that  the  diameter  of 
the  tube  be  Avithin  certain  dimensions.  Thus,  let  a  b,  c  d  (figs.  1 
and  2)  represent  the  sections  of  two 
cylinders ;  then  the  strength  of  the 
tube  d  G  is  to  that  of  the  solid  a  b 
as  the  line    c  is  to  a  b* 

In  the  early  part  of  the  17th  cen- 
tury, Gralileo  observed,  that  nature,  on 
this  principle,  increases  in  a  variety 
of  instances  the  strength  of  bodies 

without  adding  to  their  weight.  This  most  profound  philosopher, 
when  accused  of  atheistical  opinions,  and  interrogated  before  the 
Inquisition  as  to  his  belief  in  a  Supreme  Being,  picked  up  a  straw 
from  the  floor  of  his  prison,  and  replied,  "  If  there  were  nothing 
else  in  nature  to  teach  me  the  existence  of  a  Deity,  even  this  straw 
would  be  sufficient." 

Thus  are  strength  and  lightness  combined  in  the 
economy  of  bones.  This  principle  is  carried  to  the 
extreme  in  the  bones  of  birds,  which  are  filled  with  air  in  place  of 
marrow.  There  is  a  communication  between  their  lungs  and  the 
cavities  in  their  bones;  and  the  air  which  fills  the  bones  being  warm, 
renders  them  still  lighter.  It  is  an  interesting  fact,  that  the  extent 
to  which  air  is  admitted  into  the  skeleton  of  birds,  varies  according 
to  their  powers  of  flight.  The  great  beak  of  the  hornbill  forms  one 
great  air  cell ;  even  the  thin  columns  of  the  cancellous  tissue  in  the 
interior  are  hollow  and  filled  with  air.  In  this  bird,  in  the  swifts 
and  the  humming  birds,  every  bone  of  the  skeleton,  down  to  the 
little  bones  of  the  claws,  is  filled  with  air.  In  the  little  apteryx 
which  has  no  available  wings,  and  in  the  penguin  which  never  or 
rarely  leaves  the  water,  not  any  bone  of  the  skeleton  receives  air. 
In  the  mammalian  class,  there  are  air  cells  in  the  bones,  but  no- 
where except  in  the  bones  of  the  head.  There  are  large  air 
cells  (sinuses)  in  the  frontal,  sphenoid,  maxillary  and  mastoid 
l)ones  in  the  human  subject.  But  in  animals  these  air  cells  are 
carried  to  a  much  gi-eater  extent.     The  most  remarkable  de- 


*  Bishop  on  Deformities,  18,52,  p.  14.) 
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velopment  of  air  cells  in  the  mammalia  is  seen  in  the  skull  of  the 
elephant.  His  intellectual  physiognomy  is  caused,  not  by  the  size 
of  the  brain  case,  but  by  the  enormous  size  of  the  air  cells  between 
the  two  plates  or  tables  of  the  skull.  The  same  may  be  said  of 
the  owl.  In  the  giraffe  there  is  the  same  arrangement  of  air  cells 
between  the  two  tables  of  the  skull.  In  the  great  extinct  sloths 
the  upper,  back,  and  side  walls  of  the  cranium  were  thus  inflated 
with  air ;  so  that  in  these  instances  the  brain  is,  as  it  were,  pro- 
tected by  a  double  skull,  with  air  between  the  two.  This  modifi- 
cation not  only  lightens  the  skull,  but  protects  the  brain  from  the 
falling  trees  uprooted  by  these  animals. 

Bone  divisible  Although  the  compact  tissue  of  bone  seems 
into  layers.  ^^^g^         soljd  as  stone,  yet  it  is  made  up  of 

layers  placed  so  close  together,  that  there  is  no  apparent  in- 
terval between  them.  Towards  the  articular  ends  (Plate  A,  fig.  3), 
the  layers  gradually  separate  to  form  the  cancellous  tissue,  and 
the  compact  tissue  becomes  thinner  in  proportion.  In  bones  that 
have  been  long  weather-beaten  in  a  church-yard,  these  layers  may 
be  peeled  off  one  after  another  ;  or  if  the  earthy  matter  be  removed 
by  acid,  the  animal  matter  admits  of  being  stripped  off  Hke  so 

many  leaves.  It  is  essential  to  bear  this  la- 
minar structure  of  bone  in  mind,  because 
it  explains  what  is  observed  in  cases  of 
inflammation  of  bone  —  namely,  that  the 
enlargement  of  the  blood-vessels  and  the 
inflammatory  deposit  separates  the  indi- 
vidual layers  from  each  other,  and  thus 
causes  the  bone  to  expand  and  be  very  per- 
ceptibly increased  in  diameter,  as  seen  in  the 
adjoining  wood-cut,  taken  from  a  specimen  in  the  IN'luseum  of  St. 
Bartholomew's  Hospital. 

Canceli-ous  The  cancellous  tissue,  as  before  remarked,  occu- 
TissTiE.  Adap-  p-gg  interior  of  bones,  and  chiefly  the  articular 
'  ^^^Ys.    It  is  formed  by  the  separation  of  the  com- 

ponent layers  of  the  bone,  and  these  are  connected 
by  cross  plates  and  fine  columns,  so  as  to  form  a 
kind  of  lattice-work  with  a  most  delicate  and  ele- 
gant arrangement.    The  direction  of  these  com- 
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ponent  columns  in  all  parts  of  bones  is  arranged  upon  this  prin- 
ciple : — they  always  run  exactly  in  the  line  of  pressure  which 
the  bone  has  to  bear.  A  beautiful  example  of  this  is  seen  in  the 
section  of  the  cancellous  tissue  of  the  thigh-bone  (Plate  A).  At 
the  lower  part,  towards  the  knee,  the  layers  run  vertically, — 
that  is,  in  the  direction  of  the  axis  of  the  shaft,  this  being  the 
line  of  pressure  when  the  body  is  erect.  But  in  the  neck  of  the 
thigh-bone  the  layers  'are  arranged  in  decussating  curves  like  the 
arches  in  Grothic  architecture,  one  within  the  other,  in  order  to 
sustain  with  the  greatest  mechanical  advantage  the  weight  trans- 
mitted on  to  the  heads  of  the  thigh-bones.  Though  so  light  and 
.  spongy,  the  cancellous  tissue  is  able  to  support  a  gi-eat  weight 
without  giving  way.  We  may  form  some  idea  of  its  strength  from 
the  following  experiment  *  :  —  A  cubic  inch  of  cancellous  texture 
was  taken  from  the  lower  end  of  the  femur,  and  placed  with  its 
principal  layers  upright.  Four  cwt.  was  then  placed  upon  it,  but 
it  did  not  give  way  in  the  least.  Six  cwt.  made  it  sink  half  an 
inch.  Yet  the  cubic  inch  of  bone  itself  did  not  weigh  more  than 
54  grains.  Not  only  is  cancellous  tissue  strong  as  well  as  light, 
but  it  possesses  also  another  advantage, — that  of  breaking  shocks. 
When  one  ball  of  ivory  strikes  another,  as  in  the  game  of  billiards, 
the  whole  force  of  the  shock  is  transmitted  from  one  to  the  other  : 
but  let  a  ball  made  out  of  the  cancellous  tissue  of  bone  be  inter- 
posed, and  then  see  how  the  shock  will  be  broken.  This  property 
of  breaking  shocks  is  of  course  greater  when  the  bone  is  in  its 
natural  state  and  filled  with  marrow. 

The  spaces  formed  by  the  cancellous  tissue  vary  in  size  and 
shape,  but  freely  communicate  with  each  other,  and  also  with  the 
holes  on  the  surface  of  the  bones.  This  communication  is  easily 
proved  by  boring  a  hole  at  one  end  of  a  bone,  and  pouring  quick- 
silver into  it:— we  shall  find  that  the  quicksilver  will  run  out  freely 
through  the  natural  holes  at  the  other  end. 

J^^^oyr.  The  cancellous  tissue,  like  the  interior  of  the 

anTrcd"' ^^"'^^^     ^  ^°^S  ^0^0,  is  filled  with  yellow  marrow. 
Foetal    marrow    Marrow  may  be  said  to  be  composed  almost  en- 
^^ii"ely  of  fat  (96  per  cent.)  ;  that  is,  in  bones  that 

*  Outlines  of  Osteology,  by  T.  Ward,  p.  3G8. 
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are  healthy.    Like  all  other  fat,  it  is  removed  in  cases  of  great 
emaciation,  — in  general  dropsy,  for  instance;  and  its  place  is 
supplied  by  an  albuminous  fluid.     Hence  the  bones  of  a  drop- 
sical subject  are  always  the  least  greasy,  and  the  best  adapted 
for  skeletons.    Besides  the  yellow  marrow,  there  is  another  kind 
of  marrow  of  a  red  colour.    This  red  marrow  differs  from  the 
yellow,  in  that  it  contains  little  or  no  fat,  —  not  more  than  1  per 
cent.,  according  to  Berzelius ;  it  consists  of  albumen  (22  per  cent.) 
and  water  (75  per  cent.)   Marrow  of  this  albuminous  nature  forms 
the  red  pulp  in  the  bodies  of  the  vertebras,  the  sternum,  the  bones 
of  the  cranium,  and  the  ribs.    It  is  this  kind  of  marrow  which  is 
found  also  in  all  the  bones  of  the  foetus,  and  in  infants.    Hence  it 
is  sometimes  called  festal  marrow.    If  it  be  examined  with  a  high 
magnifying  power,  it  will  be  found  to  contain  a  number  of  oval, 
many-nucleated  cells  (Plate  D,  fig.  9).    We  direct  attention  to 
these  cells  the  more  because  they  form  one  of  the  characteristics  of 
a  class  of  tumours  termed  "myeloid"  (f/<u=^a)S^?,  marrow-like),  from 
their  being  chiefly  composed  of  them*;  morbid  growths  being  in 
the  present  day  named  and  classified  as  much  as  possible  after  their 
Kkeness  to  natural  parts. 

How  bones  are       At  the  articular  end  of  any  long  bone,  or  on  the 
supplied       with    ^(^^j  Qf  ^  vertebra,  we  observe  a  number  of  holes. 

For  instance,  near  the  lower  end  of  the  thigh-bone 
we  might  soon  count  as  many  as  150  or  more,    mat  are  these 
holes  for?    The  smaller  are  for  the  transmission  of  the  articular 
'  arteries  for  the  nutrition  of  the  cancellous  tissue,  which  is  exceed- 
ingly vascular.    The  larger  are  for  veins  which  return  by  them- 
selves.   These  veins  of  the  cancellous  tissue  are 

Veins    of   the    ^axge  and  numerous.    They  traverse  and  ramify 
cancellous  tissue.      ^^^^^^-^  ^^^^  ^jgg^e     various  directions  in  special 

canals  with  thin  walls  of  bone.  They  are  well  seen  in  a  section 
through  a  vertebra  (Plate  I.,  fig.  7),  also  in  the  cancellous  tissue 
(termed  "diploe")  of  the  cranial  bones.  In  a  surgical  point  of 
view  these  "diploic"  veins  are  interesting,  on  account  of  their 
liability  to  inflame  after  severe  injuries  of  the  head:  such  ni- 

•  Lectures  on  Surgical  Pathology,  by  J.  Paget,  F.B.S.,  vol.  ii.  p.  212. 
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flammation  may  lead  to  suppuration  in  the  diploe,  which  is  often 
fatal.   The  adjoining  cut 
shows  the  large  venous 
canals  in  the  "diploe" 
of  the  skullcap. 

Again,  on  the  outside 
of  the  shaft  of  a  long 
bone  there  are  a  number 
of  minute  grooves,  which 
run  for  the  most  part 
parallel  to  the  shaft,  and 
are  for  the  lodgment  of 
blood-vessels.  At  the 
bottom  of  these  grooves  lie  a  multitude  of  still  more  minute  holes, 
barely  visible  to  the  naked  eye,but  easily  seen  through  a  small  pocket 
glass.  These  holes  transmit  the  blood-vessels  for  the  nutrition  of  the 
compact  tissue,  which  come  from  the  "  periosteum,"  or  membrane 
covering  the  bone.  The  marrow  in  the  interior  of  the  bone  is  sup- 
plied with  blood  by  the  "  medullary  artery."  This 
artery  reaches  the  marrow  through  a  very  distinct 
canal  (canal  for  the  nutrient  artery  of  the  me- 
dulla), which  runs  obliquely  through  the  shaft,  somewhere  near  the 
middle  of  it.  In  a  long  bone  like  the  femur  there  are  generally 
two  of  these,  situated  at  the  back  part  of  it.  As  soon  as  the  artery 
reaches  the  medullary  cavity,  it  divides  into  an  ascending  and  a 
descending  branch,  which  ramifies  for  the  supply  of  the  marrow, 
and  finally  communicates  with  the  "articular"  arteries  already 
described. 

Thus  the  several  parts  of  a  long  bone  are  supplied  with  blood 
as  follows  :  —  The  compact  wall  of  the  shaft  by  blood-vessels  from 
the  periosteum  ;  the  marrow  in  the  interior  by  a  special  medullary 
artery;  and  the  cancellous  tissue  of  the  ends  by  the  articular 
arteries.  The  blood-vessels  of  these  several  parts  are  not  exclusive, 
but  communicate  more  or  less  with  each  other.  Hence  they 
readily  reciprocate  their  morbid  actions,  and  inflammation  arising 
in  the  one  part  may  spread  to  the  other.  Now  although  these  three 
orders  of  blood-vessels  do  communicate  in  the  bone,  yet  we  cannot 
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be  surprised  to  find  that  when  a  bone  is  broken  below  the  canal  for 
the  nutrient  artery  of  the  marrow,  the  lower  fragment,  being  de- 
prived of  part  of  its  supply  of  blood,  is  apt  to  become  atrophied 
and  thinner.  Mr.  Curling  *  has  written  an  interesting  paper  on 
this  subject :  and  a  preparation  is  put  up  in  illustration  of  it  in  the 
Museum  of  the  College  of  Surgeons.t 

Periosteum.  Everywhere  except  at  the  insertion  of  strong 
Its  use.  tendons,  and  where  covered  with  cartilage,  the 

bones  are  invested  with  a  toiigh  fibrous  membrane  termed  the 
periosteum.  Its  chief  use  is  to  provide  a  bed  in  which  the  blood- 
vessels may  divide  and  subdivide,  and  so  reduce  themselves  to 

a  size  small  enough  to  penetrate  the  pores 
on  the  surface  of  the  bones.    The  adjoin- 
ing cut  shows  the  arrangement  of  the 
blood-vessels  of  the  periosteum.  The 
periosteum  likewise  provides  each  of  the 
vessels  entering  the  bone  with  a  fibrous 
covering.     In  early  life  it  ministers  to 
the  growth  of  the  bone  in  thickness,  and 
ever  afterwards  to  its  nutrition.   If  there- 
fore the  periosteum  be  torn  from  the 
surface  of  a  bone  there  is  a  risk  that  a 
layer  of  the  subjacent  bone  will  lose  its 
vitality  and  be  cast  off.  • 
The  medullary  canal,  as  well  as  the  cells  (marrow 
spaces)  of  the  cancellous  tissue  are  lined  by  an  ex- 
tremely delicate  membrane,  termed  the  "medullary  membrane." 
It  is  too  delicate  to  be  shown  as  a  continuous  membrane,  like  the 
periosteum;  but  so  far  as  it  goes,  it  supports  the  marrow,  and 
serves  the  purpose  of  providing  a  stratum  for  the  subdivisions 
of  the  medullary  artery,  before  they  penetrate  the  contiguous 

osseous  substance. 
NEHVEsofbone.      Periosteum  and  bone   unquestionably  possess 
nerves.    This  is  proved  by  absolute  demonstration, 
and  by  disease.    Nerves  may  be  traced  into  some  of  the  minute 

*  Medico-Chir.  Transactions,  vol.  xx. 
t  Pathol.  Cat.  vol.  ii.,  Prep.  No.  382fl. 
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foramina  on  the  shaft  of  a  long  bone,  but  more  easily  into  the 
articular  ends.  A  nerve  also  enters  the  medullary  canal  with  the 
nutrient  artery  of  the  medulla,  and  divides  like  the  artery  into  an 
ascending  and  a  descendmg  branch.  Of  all  the  bones,  the  tibia 
presents  the  largest  canal  for  the  nutrient  artery  of  the  marrow ; 
in  this  bone  also  it  is  easy  to  trace  the  entrance  of  the  nerve  with 
the  artery.  Though  bone  in  health  has  but  little  sensibility,  yet, 
when  diseased,  it  becomes  greatly  exalted.  Mr.  Stanley  *  says  he 
has  "  witnessed  the  manifestation  of  pain  as  acute  from  the  pene- 
tration of  an  inflamed  bone  by  a  saw  or  trephine,  as  from  incisions 
of  the  inflamed  soft  parts."  The  same  author  has  likewise  a  chapter 
on  "  Neuralgia  of  Bone."  Every  surgeon  must  have  witnessed  how 
sensitive  are  granulations  from  bone.  Indeed,  it  is  probable  that 
the  severe  pain  attendant  on  the  ulceration  of  articular  cartilage  is 
occasioned  by  the  pressure  of  the  cartilage  on  the  bone  granulations 
beneath  it. 

Absohbents  of      The  absorbents  of  bone  have  not  hitherto  been 
actually  demonstrated.    That  bone  does  possess 
absorbents,  is  rendered  highly  probable  from  the  fact  that  ivory 
pegs  introduced  into  bones,  for  the  purpose  of  consolidating  un- 
imited  fractures,  are  in  some  instances  absorbed. 


MICROSCOPIC  STRUCTURE  OF  BONE. 


This  is  a  most  interesting  and  instructive  study.  It  reveals  to 
us  that  bones  are  as  minutely  provided  with  blood-vessels  and 
nerves,  and  in  all  respects  as  much  cared  for,  as  the  softer  parts  of 
the  body.  Being  as  fully  organised  as  the  other  parts,  we  cannot 
wonder  that  they  are  subject  to  the  same  diseases.  We  shall  have 
to  investigate  how  the  bones  are  formed  in  early  life,  how  they 
grow  to  maturity,  how  their  health  is  maintained,  and  how  their 
injuries  are  repaired.  Would  anyone,  looking  at  a  solid  bone, 
expect  to  find  that  even  its  hardest  parts  are  tunnelled  out  by  a 
network  of  minute  canals  for  the  passage  of  capillary  blood-vessels ; 

*  On  Diseases  of  the  Bones.    Introduction,  p.  xi. 
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and  tliat  from  tliese  canals  other  tul)es,  infinitely  more  minute, 
and  expanding  here  and  there  into  reservoirs,  radiate  in  all  direc- 
tions for  the  purpose  of  nutrition  ? 

General  idea  of  Let  US  first  get  a  general  idea  of  the  micro- 
thesubjeet.  g^^^p-^  structure  of  bone,   and  go  into  details 

afterwards.    If  a  transverse  section  from  the  shaft  of  a  long  bone 
be  ground  extremely  thin,  and  examined  with  a  power  of  about 
20  diameters  (Plate  B,  fig.  4),  we  shall  see  a  number  of  holes, 
with  dark  spots  grouped  round  them,  in  a  series  of  tolerably 
(Concentric  circles.    These  holes  are  sections  of  the  canals  (termed 
"Haversian,"  after  their    discoverer,    Clopton  Havers*)  which 
transmit  blood-vessels  into  the  substance  of  the  bone.    The  dark 
spots  are  minute  reservoirs,  called  "bone  corpuscles,"  "bone  cells," 
or  "  lacunEe."    One  would  imagine  they  were  solid  bodies,  but  they 
are  really  cavities ;  and  their  dark  appearance  in  the  dry  bone  is 
owing  to  the  refraction  of  the  Hght.    As  we  examine  the  different 
parts  of  the  section  imder  the  microscope,  we  notice  that  the 
Haversian  canals  vary  considerably  in  size  -  and  shape.    They  are 
generaUy  round  or  oval.    Those  neai-est  to  the  circumference  of 
the  bone  are  very  small;  but  towards  the  medullary  cavity  they 
gradually  grow  larger,  and  at  last  open  out  into  the  cells  of  the 

cancellous  texture. 

Let  us  now  examine  the  same  section  wth  a  higher  power 
(Plate  B,  fig.  6),  ,  and  we  shall  find  that  the  Haversian  canals  are 
surroundld  by  a  series  of  concentric  lines,  reminding  us  of  the 
tranverse  section  of  the  branch  of  a  tree.    These  lines  are  termed 
the  « laminae  :  "  they  are  in  truth  so  many  layers  or  rings  of  bone 
that  have  been  developed  within  the  Haversian  canal.  Understand 
that  even  the  smallest  Haversian  canal  was,  when  originally  formed, 
a  much  wider  space,  and  circumscribed  by  only  a  single  layer  of 
bone  •  but  in  process  of  growth  the  canal  becomes  graduaUy  con- 
tracted by  the  deposit  of  successive  layers  of  bone.    We  notice 
also  that  the  dark  spots,  before  alluded  to  as  the  "lacunae,"  are 
situated  between  the  laminae,  and  that  now,  under  a  higher  magni- 
fying power,  they  look  like  spiders.   The  central  part  of  the  lacuna, 
representing  the  body  of  the  spider,  is  hollow,  and  the  dark  fila- 

*  An  English  physician  of  the  17th  century. 


PLATE  B . 


Haversian  cocnolg.  Ho-verpian  oancils- 


OF  ilOJSE. 


15 


ments  which  pass  off  from  it,  representing  the  legs,  are  minute 
tubes  termed  "  canaliculi : "  these  are  exceedingly  numerous,  and 
radiate  from  all  parts  of  the  "  lacuna,"  through  the  laminae.  Now 
since  the  canaHculi  of  one  circle  of  lacunae  communicate  most 
freely  with  those  of  the  next  circle,  and  the  canaliculi  nearest  to 
the  Haversian  canal  open  directly  into  it,  we  see  that  by  means  of 
this  system  of  radiating  tubes  a  complete  communication  is  esta- 
blished between  the  Haversian  canal  in  the  centre,  and  the  succes- 
sive circles  of  bone  which  sm-round  it.  The  nutrient  juice  of 
the  bone  proceeds  from  the  blood-vessels  in  the  central  canal, 
and  is  transmitted  through  the  canaliculi  from  one  lacima  to 
another. 

What  is  an  Ha-       Every  Haversian  canal  taken  in  conjunction 

versian  system  ?        .  ,•,     . ,  ,  •     i  ^  ,  , 

With  its  concentric  layers  of  bone,  lacunae,  and 
canaliculi,  is  termed  an  "Haversian  system."  It  may  be 
compared  to  the  planetary  system.  As  the  sun  is  the  centre 
of  light  and  heat  to  the  planets  around  it,  so  is  the  blood-vessel  in 
the  Haversian  canal  the  centre  of  nutrition  to  the  surrounding 
circles  of  bone. 

Almost  all  the  compact  substance  of  bone  is  made  up  of  a  multi- 
tude of  these  "  Haversian  systems."  Each  system  is,  to  a  certain 
extent,  independent  of  its  neighbour,  since  the  lacunse  of  one  sys- 
tem communicate  very  sparingly  with  those  of  another.  In  con- 
sequence of  this  isolation,  we  may  sometimes  find,  in  favourable 
sections,  that  each  system  is  more  or  less  cii-cumscribed  by  a 
tolerably  distinct  white  line,  which  is  transparent  bone  with  but 
few  canaliculi. 

teifpacer'"       '  Haversian  systems  are  for  the  most 

part  circular,  and  arranged  like  sticks  in  a 
faggot,  it  is  clear  they  cannot  touch  each  other  in  all  parts  of 
.  their  circumference  ;  so  that  here  and  there  we  may  observe 
that  triangular  portions  of  bone  fill  up  the  gaps  between  them, 
buch  portions  are  termed  "  Haversian  interspaces "  (Plate  B, 
fig.  46).  These  "outlying"  portions  of  bone  are  also  pro^dded 
with  lacunae  and  canaliculi,  and  they  derive  their  nourishment 
from  the  smTounding  Haversian  systems,  of  which  they  are,  so  to 
speak,  dependencies. 
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The  section  we  have  all  along  been  examining  was  a  transverse 
one.   We  must  now  make  an  equally  thin  section  in  the  longitudinal 
direction  of  the  shaft,  and  we  shall  have  quite  a  different  appear- 
ance (Plate  B,  fig.  3).  We  shaU  cut  in  the  course  of  the  Haversian 
canals,  not  across  them ;  and  we  shall  find  that,  as  a  general  rule, 
they  run  parallel  to  the  surface  of  the  bone  (no  matter  whether 
long  or  flat),  and  that  they  communicate  very  frequently  by  trans- 
verse or  more  or  less  oblique  canals.    If  the  section  be  large 
enough  for  us  to  trace  the  Haversian  canals  near  the  circumference, 
we  shall  find  that  many  open  on  the  outer  surface,  in  order  to 
admit  blood-vessels  from  the  periosteum ;  others,  again,  wiU  open 
out  into  the  medullary  canal,  in  order  to  admit  blood-vessels  from 
the  interior.    In  this  way  the  Haversian  canals  permeate  the  com- 
pact  substance  of  the  bone,  and  establish  a  free  communication 
between  the  blood-vessels  of  the  periosteum  and  those  of  the 
medulla.   These  canals  may,  in  fact,  be  regarded  as  so  many  multi- 
phcations  of  surface  for  the  ramifications  of  blood-vessels,  in  order 
that  no  part  of  the  bone  substance  may  be  beyond  the  range  of 
nutrition. 

In  this  longitudinal  section,  the  laminae,  in  place  of  bemg 
arranged  concentrically,  will  be  seen  running  in  lines  parallel  with 
the  Haversian  canals  to  which  they  belong. 

Bone  tissue  At  this  stage  of  the  investigation,  a  question 

naturaUy  arises  — Where  is  the  earthy  material, 
the  phosphate  and  carbonate  of  lime  ?  To  see  this,  the  ta-ansverse 
section  must  be  magnified  about  1200  diameters  (Plate  B,  fig.  o). 
We  shall  then  discover  that  the  earthy  ingredient  consists  of 
infinite  multitude  of  minute  osseous  granules,  which  are  deposited 
in  a  "  matrix  "  or  bed  of  animal  matter.  This  mixture  of  earthy 
granules  and  animal  matter  we  call  "bone  tissue.'  It  occupies 
all  the  space  between  the  lacuna  and  theii-  canahcuh.^  If  the 
specimen  we  are  examining  were  steeped  for  a  time  in  di  ute 
muriatic  acid,  the  osseous  granules  would  be  dissolved  out  of  it, 
and  the  little  pits  in  the  matrix  in  which  the  granules  were  im- 
bedded  would  become  apparent.  .    .     .  ^ 

So  far  we  have  acquired  a  general  notion  of  the  minute  s^^ructure 
of  bone ;  that  is  to  say,  of  the  «  Haversian  cabals,   the  lacuna 
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and  their  "  canaliculi,"  the  "  lamina3,"  and  the  "  osseous  gra- 
nules." We  must  now  proceed  to  speak  of  these  several  parts  a  little 
more  in  detail ;  and  first,  of  the  Haversian  canals. 

Haversian  As    was   said   before,   the   Haversian  canals 

Canals.  are   tunnelled  out   of    the    compact  substance 

of  the  bone,  simply  for  the  purpose  of  convejdng  blood-vessels 
for  its  nutrition.    Observe,  they  form  no  part  of  the  essential 
structure  of  bone.    Wherever  bone  is  so  thin  as  to  be  able  to 
derive  its  nutrition  from  the  vascular  membrane  covering  its  sur- 
face, we  do  not  find  Haversian  canals  in  it,  nor  does  it  require  any. 
For  instance,  the  delicate  plates  of  bone  composing  cancellous 
tissue,  the  paper-like  bones  in  the  interior  of  the  nose,  have  no 
Haversian  canals  in  them  :  but  they  have  plenty  of  lacunae,  which 
send  out  their  canaliculi  to  open  on  the  surface  and"  imbibe  the 
requisite  nutrition.    Bone  so  thin  as  to  need  no  Haversian  canals 
is  called  "non-vascular"  bone.    Such  bone  lives  upon  the  blood 
which  flows  through  the  minute  vessels  of  the  mucous  membrane. 
Bone  has,  therefore,  like  all  other  living  structures,  a  self-formative 
power,  and  draws  from  the  blood  the  materials  for  its  own  nutrition. 
Their  diameter.       The  Haversian  canals  vary  in  diameter  from 

2  o'o  0  inch,  the  average  being  about 

•g^.  The  smallest  are  found  near  the  outer  surface,  where  the  bone 
is  the  most  compact ;  but  they  gradually  become  larger  towards 
the  interior,  where  they  open  out  into  the  cancellous  tissue,  or  into 
the  medullary  cavity.  All  of  them,  whatever,  their  direction  may 
be,  are  surrounded  by  concentric  lamince  of  bone;  but  the  number 
of  the  laminte  varies  round  different  canals  from  5  to  15  or  more. 
All  of  them  also  are  lined  by  a  very  delicate  membrane,  continuous 
with  the  periosteum  on  the  exterior  of  the  bone.  The  smallest 
Their  contents,  canals  contain  only  a  single  capillary  blood-vessel ; 

the  larger  contain  a  network  of  vessels,  while  the 
largest,  which  gradually  merge  into  .the  cancellous  tissue,  contain 
marrow  as  well  as  blood-vessels. 

Here  it  may  be  as  well  to  mention  a  fact 
concerning  the  minute  structure  of  bone,  which 
should  never  be  lost  sight  of.  It  is  this  :  _  that  everywhere  un- 
derneath the  membrane  in  .  contact  with  the  surface  of  bone, 

c 
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whether  it  be  the  periosteum  covering  the  exterior,  the  prolonga- 
tion of  it  lining  the  Haversian  canals,  or  the  medullary  membrane 
lining  the  cancelli,  there  is  a  delicate  layer  of  soft  fibrous  tissue, 
with  a  multitude  of  small  oval  cells  in  it,  termed  «  osteal  cells 
(Plate  C,  fig.  3).   Now,  bone  grows  by  additions  to  its  surface,  not 
by  interstitial  deposit,  and  it  has  been  ascertained  that  these  cells, 
and  the  soft  tissue  in  which  they  are  imbedded,  are  mamly  con- 
cerned in  the  process,  and  that  by  the  successive  ossification  ot  this 
tissue  and  cells,  the  concentric  layers  of  bone  are  produced  mthm 
the  Haversian  canal.  f  n^^H 

Dilatation  of  The  knowledge  of  the  free  circulation  of  blood 
Haversian  canals  through  the  substance  of  bone  gives  us  the  icey 
from   inflamma-        ^^^^  effects  produced  by  inflammation 

in  it.  For  example,  as  inflammation  in  soft  parts 
is  attended  by  dilatation  of  the  blood-vessels,  so  also  is  it  in 
the  case  of  bone.  When  bone  is  acutely  inflamed,  the  blood- 
vessels in  the  Haversian  canals  become  greatly  enlarged,  and  cause 
the  canals  themselves  to  become  larger  by  absorption  of  the  bone 
tissue,-so  much  so  as  to  give  the  bone,  sometimes,  a  reddish 
colour.  In  operations  where  the  surgeon  has  to  cut  through  m- 
flamed  bone,  one  may  see  the  blood  flowing  from  the  cut  surface 
j,,^  6  of  the  bone,  as  it  would  from  the  soft  parts. 

More  than  this,  the  distended  blood-vessels 
may  occasion  not  only  a  gradual  enlargement 
of  the  Haversian  canals,  but  their  inflam- 
matory deposit  may  cause  even  a  general 
swelling  of  the  compact  substance  of  the  bone, 
and  a  natural  separation  of  its  component 
layers,  so  that  it  becomes  light  and  spongy, 

as  seen  in  the  adjoining  cut.  . 
The.  ob«.e...      On  the  Other  hand,  undevcertam  c,rcnms,.nces 

ri       c+c.r.rllTia  disease  e.  (/.  chronic  inflammation, 
tion  in  some  cases,    of  long-standing  Qisedbc,  e.  y.  ^ 

— e.  find  that  bones  beconve  n^uch  ^^^^^^^^^^ 


we  sometimes  nnu  .u-. Havereiau 
natural.    They  may  become  as  hard  as  .vory.  ,  ,„^,,. 

canals  a.e  nearly  filled  up  by  successive  layers  of  bone.  Indmated 
bone  is  therefore  less  vascular  than  healthy  bone.     A  good  ex 
ample  of  "  ebumation"  of  bone  is  occasionally  seen  as  the  result  of 
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chronic  rheumatism,  where  the  articular  ends  of  bone  lose  their 

cartilage  and  become  hard  and  polished  like  ivory,  owing  to  the 

up  of  the  Haversian  canals  by  bone. 

LAcuNiE  cha-      The  "  lacunae  "  are  the  spider-like  cavities  which  we 
racteristic  of  true    r«  j  i    ,  i      •  ,  . 

bone.  "^^^  between  the  laminae,  arranged  m  concentric 

circles  round  the    Haversian  canals.     They  are 
characteristic  of  true  bone,  and  distinguish  it  from  accidental 
"  ossifications,"  sometimes  met  with   as  products   of  disease. 
Formerly  the  lacuna  and  canaliculi,  in  consequence  of  their  dark 
colour,  were  considered  to  be  solid ;  but  subsequent  observation  has 
proved  them  to  be  hollow,  since  they  can  be  filled  with  turpentine 
or  Canada  balsam.    If,  for  example,  a  drop  of  oil  of  turpentine  be 
applied  to  a  section  of  dry  bone  under  the  microscope,  capillary 
attraction  will  cause  the  fluid  to  enter  the  canaHculi,  and  its  passage 
may  be  traced  from  one  lacuna  to  another.    It  is  a  curious  cir- 
cumstance, that,  in  the  bones  of  bodies  that  have  been  embalmed, 
the  bone  cells  and  canaKculi  are  filled  with  the  bituminous  material. 

As  a  rule,  the  lacunae  are  oval  and  flattened,  so  that  one  of  their 
broad  sides  may  be  turned  towards  the  Haversian  canal. .  The  first 
ring  of  lacunae  sends  half  of  its  canaliculi  directly  into  the  Haver- 
sian canal,  while  the  other  half  communicate  with  the  canaliculi 
of  the  second  ring,  and  so  on  throughout  the  whole  system.  The 
nutrient  fluid,  or  "plasma,"  of  the  blood,  exuding  throuo-h  the 
coats  of  the  blood-vessel  in  the  Haversian  canal,  is  imbibed  by  the 
nearest  row  of  lacunas,  and  passed  on  from  them  to  all  the  others 
m  the  Haversian  system.    One  may  say  then  that  the  lacuna  are 
reservoirs  of  nutrition  for  the  bone. 
Their  size  and        Tvi  -rv^r.^    xi,  i 

sh«pe.  .  measure  about  ^5^^  of  an 

inch  in  their  long  diameter,  and  about  in 
their  short.  It  has  been  shown  by  Mr.  Quekett  that  tirmry 
m  s,ze  and  shape  in  the  four  great  classes  of  animals,  so 
that  by  means  of  this  test  it  oan  be  ascertained  with  certainty 

foss,  bones  ,t  has  an  important  bearing  upon  the  .study  of  geology. 
s..e  of  the  lacuna  bears  very  little  relation  to  the  size  of  the  animal 
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to  which  they  belong.  They  are  nearly  as  large  in  the  bones,  of 
the  little  lizard,  as  l^hey  are  in  those  of  the  enormous  extinct 
lizai-d,  the  Iguanodon.  But  their  size  does  bear  an  exact  propor- 
tion to  that  of  the  blood  cells  in  the  several  classes  of  animals. 
Therefore,  as  reptiles  have  the  largest  blood  cells,  so  have  they  also 

the  largest  lacunae. 

Ca^a.ict:u:         Eespecting  the  "canaliculi"  (Plate  B.  fig.  5) 
their   size    and  observe  how  exceedingly  minute  they  are ;  that 
office.  ^i^gy   run    off  from   all  parts   of  the  circum- 

ference of  the  lacunae,  and  communicate  most  freely  with  the 
canaliculi  of  the  adjoining  lacuna..  Their  diameter  ranges  from 
,.,1,,  of  an  inch  to  ^  of  an  inch ;  but  there  are  some  even 
smaller.  They  are  far  too  small  to  allow  the  entrance  of  blood 
cells  They  admit  the  passage  of  nothing  but  a  thin  juice  from  the 
blood,  the  "plasma,"  destined  to  nourish  the  bone  and  keep  it  m  a 
state  fit  for  self-repair  when  injured  by  disease  or  violence.  ^ 
LAMiNiE  man,  and  almost  all  mammalian  ammals, 

bone  grows  by  the  deposit  of  fresh  layers.    In  all 
cases  the  new  layer  is  deposited  on  that  surface  of  the  old  layer 
which  is  next  to  the  blood-vessel.    Therefore,  in  a  fully  formed 
Haversian  system,  we  get  the  appearance  of  "concentric  rings. 
They  vary  in  thickness  from  -.^Vo       m  «f  ^^""^^ 
aroiind  the  Haversian  canals  vary  from  five  to  fifteen  in  number, 
and  are  called  the  "Haversian  lamina."    Those  surroundmg  the 
circumference  of  a  long  bone  which  has  reached  its  full  growth,  are 
termed  "circumferential  lamina"  (Plate  B,  fig.  4  a).    The  lil- 
defined  and  broken  layers  apparent  here  and  there  in  Have- 
sian  interspaces  are  termed  "  interstitial  lanW  (Plate  B,  fig.  4  h). 
It  seems  doubtful  how  these  interstitial  lamina  were  ongmallj^ 
formed;  but  the  recent  investigations  of  Messrs.  Tomes  and 
De  Morgan  lead  them  to  believe  that  they  are  the  remnants  of 
Haversian  systems  that  have  been  partially  removed  by  absorp  ion. 

Structure  or  a       If  a  well-marked  lamina  be  exammed  with 
lamina.  power  of  440  diameters,  we  shall  find  that  it 

consists  of  two  portions-an  inner,  apparently  — f  ^ 
clear;  and  an  outer,  granular  and  opaque  (Plate     ^^f-  J^^^ 
difference  of  structure  arises  from  the  manner  m  winch  the  several 
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ingredients  of  bone  are  originally  laid  down.    Here  we  must  bear 
in  mind  that  tl\e  animal  matter  of  the  bone,  in  its  nascent  state, 
consists  of  a  soft,  fibrous  tissue,  which  we  call  "  intercellular,"  and 
of  a  number  of  cells  called  "  osteal  cells."    The  animal  matter  is 
laid  down  first ;  the  earthy  part,  consisting  of  granules,  is  added 
afterwards;  and  both  intercellular  substance  and  cells  become 
ossified.     Now  the  cells,  when  ossified,  present  a  much  more 
granular  and  opaque  appearance  than  the  ossified  intercellular 
substance.    Therefore,  if  the  cells,  in  place  of  being  scattered  here 
and  there  promiscuously,  arrange  themselves  in  a  row  close  to- 
gether, leaving  the  intercellular  matrix  clear,  the  new  layer  of 
bone  will  present  a  linear  appearance,  there  will  be  a  layer  of 
opaque  or  granular  bone,  and  a  layer  of  more  transparent  bone. 

Lamination :  To  use  the  words  of  Messrs.  Tomes  and  De  Morgan*, 
w  at  IS  It?  "Lamination  is  but  a  definite  linear  arrangement 

of  the  osteal  cells  with  their  outlines  permanently  retained  in  the 
perfected  bone." 

Osseous  The  earthy  salts  are  deposited  in  the  animal 

RANTjLEs.  matrix  in  the  form  of  exceedingly  minute  granules. 
The  Germans  call  them  "bone  crumbs."  We  cannot  see  them, 
however,  without  a  magnifying  power  of  1200  diameters  (Plate  B, 
fig.  5).  They  vary  in  size  in  different  specimens  of  bone.  In 
man  their  size  ranges  from  ^  to  of  an  inch.    They  can 

be  very  distinctly  seen  in  the  skulls  of  smaU  birds-the  canary  for 
mstance-and  also  in  the  skull  of  the  bat,  where  they  are  so  much 
larger  than  in  the  human  subject.  After  a  section  of  bone  has 
been  steeped  for  some  time  in  dilute  hydrochlori6  acid,  these 
earthy  particles  will  be  dissolved  out  of  the  animal  matrix,  and 
the  httle  cavities  in  which  they  are  imbedded  can  then  be  dis- 
tinctly  seen, 

coS:Xi"j::  l  valuaWe  practical  fact, 

bone.  earthy  granules  are  generally  present 

m  the  pus  which  comes  from  dead  bone.    If  a 
specimen  of  pus  under  such  circumstances  be  examined  with  a 


*  Philosophiciil  Transactions,  1853. 
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power  of  500  diameters,  a  number  of  earth  granules  may  be  de- 
tected among  the  pus  cells,  —  proving  that  there,  is  dead  bone 
somewhere.  Mr.  Quekett  noticed  this  fact  many  years  ago.  Mr. 
Bransby  Cooper  has  also  ascertained  that  in  pus  coming  from 
diseased  bone  there  is  as  much  as  two  and  a  half  per  cent,  of  . 

phosphate  of  lime. 
Haversian  This  name  has  been  given  by  Messrs.  Tomes  and 

Spaces.         De  Morgan  to  certain  spaces  which  they  have  lately 
discovered  in  bone  (Plate  C,  fig.  2).    The  spaces  are  produced  by 
absorption  of  old  bone,  and  in  process  of  time  are  again  filled  up 
with  deposits  of  new  laminated  bone.  This  discovery  is  important,  • 
since  it  shows  that  bone  is  not  a  stationary  structure ;  on  the  con- 
trary, it  is  sirbject  to  a  kind  of  absorption  and  reproduction  of  its 
tissue,  throughout  life,  the  activity  of  the  process  diminishing  mth 
advancing  age.     How  are  we  to  distinguish  these  "  Haversian 
How    distin-    spaces  "from  "Haversian  canals?"    As  follows  :— 
guishedfromHa-    The  walls  of  the  Haversian  canals  have  a  smooth 
versian  canals.       regular  outline;  on  the  other  hand,  the  Haver- 
sian spaces  have  a  festooned    irregular  boundary,  apparently 
produced  by  the  absorption  of  parts  of  several  Haversian  sys- 
tems.    Indeed,  the  authors  just  mentioned  consider  that  the 
"interstitial  laminae"  are  but  the  remains  of  Haversian  systems 

nearly  all  absorbed. 

"Haversian  spaces"  maybe  found  in  various  conditions.  In 
some  the  process  of  absorption  is  stiU  going  on;  in  others  the  de- 
posit of  new  bone  has  commenced.  Thus,  then,  it  would  seem  that 
portions  of  the  circumference  of  three  or  four  Haversian  systems, 
having  Uved  a  certain  time,  are  gradually  removed,  and  presently^ 
a  new  Haversian  system  is  set  up  in  their  place. 

Aeticulab  '  By  this  we  understand  a  thin  layer  of  bone 
Bone:  Its  pecu-  situated  immediately  iinder  articular  cartilage; 
liarities.  ^-^^g  ^  peculiarity  about  the  structure 

of  it  we  wiU  allude  to  it  here.  If  a  perpendicular  section  be  made 
through  the  articular  surface  of  any  fresh  bone  with  the  caa-tilage 
attached,  it  will  be  observed,  (as  seen  in  the  cut,)  that  the  cartilage 
does  not  rest  immediately  upon  the  cancellous  tissue  of  the  bone, 
but  upon  a  thin  comiiact  crust  of  bone  which  closes  the  cancelh. 
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a  Upper  Cartilage  cells. 


b  Lower  Cartilage  cells. 


This  crust,  which  we  call  "articular  Lone,"  varies  in  thickness,  and 
is  of  a  remarkably  white  co- 
lour.  But  its  chief  peculiarity 
consists  in  this,  —  that  it  has 
no  Haversian  canals  in  it,  and 
and  therefore  is  not  vascular. 
The  blood-vessels  of  the  can- 
cellous tissue  run  up  only  as 
high  as  its  under  surface,  and 
then  turn  back  in  loops.  More- 
over, its  "  bone  cells  "  are  three 
or  four  times  larger  than  in 
ordinary  bone,  and  are  desti- 
tute of  canaliculi.    Here  is  a 
striking  instance   of  design. 
This  layer  of  bone,  having  no 
Haversian  canals,  is  much  less  porous  than  common  bone,  and  in 
consequence  of  its  closer  texture  is  all  the  stronger,  and  more 
adapted  to  form  an  unyielding  surface  for  the  support  of  the 
articular  cartilage. 

Although  articular  bone  and  adult  articular  cartilage  have  no 
blood-vessels  in  health,  yet  they  both  become  vascular  in  some 
cases  of  disease  of  the  cartilage.  Blood-vessels  may  be  seen,  when 
successfully  injected,  shooting  up  through  the  heretofore  non- 
vascular layer  of  bone  into  the  cartilage  on  its  surface. 


rOEMATION  OF  BONE  IN  THE  EMBRYO. 


Bone  may  be  Remember  what  bone  is:  —  A  matrix  or  bed  of 
o^rmembmnr'  matter,  hardened  by  a  deposit  of  earthy 

salts.  The  animal  matter  may  be  cartilage,  or 
membrane.  Hence  we  have  formation  of  bone  in  cartilage,  and 
formation  of  bone  in  membrane.  These  subjects  must  be  con- 
sidered separately;  and  in  order  to  a  right  understanding  of  the 
first  of  the  two,  it  is  essential  to  know  something  of  the  nature  o£ 
cartilage. 
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Nature  of  car-  Cartilage,  commonly  called  gristle,  is  tough, 
tilage.  flexible,  very  elastic,  of  a  greyish-white  colour, 

and  used  for  various  purposes  in  the  animal  body.     There  are 
many  kinds  of  it.    The  simplest  kind,  when  examined  with  the 
microscope,  is  found  to  consist  of  a  mass  of  nucleated  cells,  closely 
Simple  cartilage,    packed  and  variously  shaped  from  mutual  pressure. 

Such  cartilage  as  this  may  be  seen  in  a  tadpole,  or 
in  the  spinal  cord  of  a  lampern,  or  in  the  ear  of  a  bat  or  mouse 
(Plate  B,  fig.  3).  Under  the  microscope,  though  not  to  the  naked 
eye,  it  is  just  like  some  kinds  of  vegetable  tissue,  for  instance,  the 

pith  of  the  elder. 

Another  kind  of  cartilage,  and  that  which  chiefly  concerns  us, 
consists  of  nucleated  cells  (cells  with  nuclei  in  their  interior)  of 
various  shapes,  not  packed  closely,  but  imbedded  in  a  matrix  of  a 
homogeneous  substance,  termed  "intercellular."    It  is  altogether 
a  much  firmer  kind  of  cartilage.    Now  the  nature  of  this  mter- 
Hyaliae  cartilage,    cellular  substance  varies.     It  may  be  clear  and 
transparent  like  glass:  then  we  call  it  "hyalme 
cartilage"  (fig.  2).    Of  this  kind  is  the  foetal  skeleton,  and  the 
cartilage  of  the  joints  throughout  life.    Or  the  intercellular  sub- 
stance may  contain  more  or  less  of  fibrous  tissue  :  then  we  call  it 
Fibro-cartilage.    "  fibro-cartilage "  (fig.  1).    This  kind  of  cartilage 
constitutes  the  gristle  of  the  nose  and  the  ear; 
and  since  it  never  ossifies,  it  is  sometimes  called  "permanent"  cai- 
tilage,  as  opposed  to  hyaline  or  foetal  cartilage,  which  does  ossify, 
and^is  therefore  only  "  temporary." 
Perichondrium.       All  kinds  of  cartilage,  with  the  exception  of 
that  which  covers  the  ends  of  the  bones  (articular 
cartilage),  are  invested  with  a  white  fibrous  membrane,  termed 
"perichondrium."    This,  like  the  periosteum  of  the  bones,  serves 
to  support  the  nutrient  blood-vessels  of  the  cartilage,    men  the 
cartilage  is  thin,  the  vessels  proceed  no  further  than  the  surface: 
but  when  it  is  thick,  they  are  prolonged  into  its  substance  by  means 
of  canals,  carrying  with  them  a  sheath  of  perichondrium,  ^en 
cartilage  is  about  to  ossify,  these  canals  increase  in  number  and 
size,  in  order  to  provide  a  free  supply  of  blood  from  which  the  bone 
earth  is  deposited. 
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Articular  cartilage  has  no  perichondrium,  neither  has  its  blood- 
vessels, except  in  the  young  condition.  But  when  diseased,  it  has 
been  proved  by  injection*  that  blood-vessels  do  shoot  into  the 
cartilage  through  the  layer  of  articular  bone  beneath  it. 

Development  of  ,  The  parts  of  the  embryo  animal  destined  to 
bone  in  cartilage,  j^ecome  bone,  may  be  detected  as  early  as  the 
seventh  week  after  conception,  in  the  shape  of  a  gelatinous  pulp 
without  trace,  of  organisation,  contained  in  a  delicate  membrane. 
Presently  this  pulp  becomes  converted  into  the  simplest  form  of 
cartilage, — that  is,  an  aggregation  of  closely-packed  nucleated 
cells.  But  since  a  mere  aggregation  of  soft  cells  would  not  be  9, 
sufficient  basis  of  support  to  the  surrounding  parts  in  progress  of 
development,  intercellular  substance  is  added  to  give  it  greater 
solidity,  and  this  "  simple  "  cartilage  becomes  "  hyaline  "  cartilage. 
Thus  the  entire  skeleton  of  the  fa3tus,  with  the  exception  of  the 
skull-cap  and  the  bones  of  ' the  face,  consists  at  first  of  hyaline 
cartilage. 

Cartilage   be-      When  the  proper  time  for  ossification  arrives 

::™p";  »f       -rtU^g-^  which  is  about  ^  os4 

ossification.  becomes  permeated  by  larger  and  more  numerous 

canals  for  the  passage  of  the  blood-vessels  which 
carry  the  bone  earth  in  solution.  Presently,  minute  specks  of 
bone  are  deposited  in  the  hyaline  substance;  and  for  every  par- 
ticle of  bone  laid  down,  a  particle  of  animal  matter  is  removed 
to  make  place  for  it,  otherwise  there  would  be  a  redundancy 
of  bulk.  The  deposition  of  bone  does  not  take  place  at  once 
m  all  parts  of  the  cartilage,  but  at  certain  points,  which  are  called 
&caZT°^°''"  ossification."     Every  bone  has  a 

definite  number  of  these  centres,  which  always 
appear  m  the  same  place ;  and  from  these  centres  the  ossification 
extends  according  to  a  regular  plan.  The  number  of  centres  varies 
in  different  bones.  Some  bones  have  only  a  single  centre ;  others 
two,  three,  five,  seven,  &c. ;  and  the  bone  called  the  "  sacrum  "  has 
as  many  as  thirty-three  centres  before  its  ossification  is  complete. 

vo^  V'  ^'^'^'"^'^'^^  Muscu.  of  the  R  C.  S.  E.. 
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Observe,  the  centres  of  any  given  bone  do  not  all  appear  at  once : 
some  appear  before  birth,  others  after  it,  but  all  in  regular  succes- 
sion, and  at  stated  periods,  according  to  the  degree  of  importance 
of  the  bone,  and  the  function  which  it  has  to  perform ;  e.  g.  the 
lower  jaw  and  the  ribs  ossify  early,  because  suction  and  respiration 
are  brought  into  play  at  birth.    As  a  general  rule,  each  centre 
appears  first  in  the  middle  of  the  portion  of  cartilage  which  it  will 
subsequently  ossify;  and  thence  the  ossification  extends  towards 
the  circumference  in  the  flat  bones,  and  towards  the  extremities  in 
the  long  bones.    Almost  all  the  bones,  then,  in  infancy  and  child- 
hood, are  made  up  of  so  many  distinct  bony  pieces  united  together 
by  cartilage:  and  these  several  pieces  remain  distinct  until  the 
stature  of  the  individual  is  complete,  at  which  time  they  are  all 
consolidated. 

Ossification  of  As  a  good  example  of  what  can  be  seen  of  the 
the    thigh  -  bone  process  of  ossification  with  the  naked  eye,  let  us 

selected  as  an  ex-    ^^^^^^         ^^^^  thigh-bone  (Plate  D,  figS.  1 

to  6).    The  future  bone  is  at  first  sketched  out 

in  hyaline  cartilage.    About  the  beginning  of  the  third  month 

after  conception,  the  first  centre  of  ossification  appears  in  the 

middle  of  the  shaft and  this,  by  the  way,  is  the  case  in  all 

the  long  bones  (fig.  1).    From  this  point  ossification  gradually 

extends  up  and  down  the  shaft,  which  is  all  ossified  before  the  other 

centres  appear.  About  the  last  month  of  foetal  life,  a  second  centre 

appears  in  the  lower  end,  which  forms  the  knee  (fig.  3).  About 

the  end  of  the  first  year  after  birth,  a  third  centre  appears  at  the 

upper  end  or  head  (rf  the  bone  (fig.  4).    In  the  course  of  the  fourth 

year  a  fourth  centre  appears  in  the  projection  termed  the  "trochanter 

major"  (fig.  5).    In  the  course  of  the  fourteenth  or  fifteenth  year 

a  fifth  and  last  centre  appears  in  the  « trochanter  minor  "  (fig.  6). 

■         ■      „f        Thus,  then,  the  thigh-bone  has  five  centres  of 
Meaning    of  xiiua,  u      ,  ,    ,      r        i  i  •  i 

"  diaphysis"  and  ossification.  The  shaft  or  body  of  the  bone,  which 
"  epiphysis.^'  g^g^^     called  the  "diaphysis;"  the  other 

parts  are  termed  "epiphyses."  As  these  epiphyses  during  the 
period  of  growth,  are  only  ^tnited  to  the  shaft  by  a  layer  of  car- 
tilage, the  separation  of  an  epiphysis  by  violence  is  not  an 
infrequent  accident  in  childhood.     When  growth  is  complete, 
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Parietn]  tone  of  a  Foetus. 
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all  the  epiphyses  are  consolidated  with  the  rest  of  the  bone,  • 
and  no  cartilage  remains  except  at  the  articular  surfaces,  where 
there  is  a  thin  layer  of  it  to  break  the  shocks  at  the  joints. 
Order  in  which       It  is  worth  observing,  concerning  the  union  of 

the  epiphyses       j;]jg  articular  epiphyses  at  the  ends  of  the  long 
unite  to  the  shaft. 

bones,  that  the  epiphysis  oi  that  end  towards 
which  the  canal  for  the  medullary  artery  runs,  always  unites  to 
the  shaft  before  the  epiphysis  at  the  other  end  does. 

It  is  a  curious  fact,  also,  that  the  order  in  which  the  epiphyses 
unite  to  the  shaft  of  a  bone  is  just  the  reverse  of  that  in.  which 
they  begin  to  ossify.  Thus,  the  trochanter  minor  unites  first; 
afterwards,  the  trochanter  major  ;  then,  the  head  of  the  femur : 
lastly,  the  lower  end.  At  the  age  of  twenty-one,  or  near  it, 
they  have  all  imited  to  form  a  single  bone. 

Final  purpose  The  fact  that  bones  are  developed  from  several 
ot    development    ogg^g^  centres,  separated  by  layers  of  cartilage, 

from  several  cen-  j       j  05 

tres.  for  its  final  purpose  the  well-being  of  the 

growing  animal.  For  example,  it  is  necessary  to 
have  one  part  of  a  bone  ossified  to  support  weight,  while  other  parts 
remain  cartilage  to  take  off  concussion.  "The  young  lamb  or 
foal,"  to  use  the  words  of  Professor  Owen,  "  can  stand  on  its  four 
legs  as  soon  as  it  is  born ;  it  lifts  its  body  well  above  the  ground, 
and  quickly  begins  to  run  and  bound.  The  shock  to  the  limbs 
themselves  is  broken  and  diminished  at  this  tender  age  by  the 
division  of  the  supporting  long  bones,— by  the  interposition  of  the 
cushions  of  cartilage  between  the  diaphyses  and  the  epiphyses." 
The  nervous  system  of  slow  and  cold-blooded  animals,  whose  limbs 
sprawl  outwards,  and  whose  body  trails  upon  the  ground,  does  not 
demand  such  protection.  Therefore  we  do  not  find  epiphyses,  with 
cushions  of  cartilage,  at  the  ends  of  the  shafts  of  the  long  bones  of 
saurians  and  tortoises.  But  when  the  reptile  moves  by  leaps,  then 
the  principle  of  ossifying  the  long  bOnes  by  distinct  centres  again 
prevails,  and  the  extremities  of  the  humeri  and  femora  long  remain 
epiphyses  in  frogs. 

We  recognise  also  a  definite  purpose  in  separate  centres  of  ossi- 
fication in  the  bones  of  the  head  of  the  human  foetus,  in  relation  to 
facihtatmg  birth.     The  bones  of  the  skull-cap,  being  connected 


28 


■DEVELOPMENT 


only  by  membrane,  are  permitted  to  overlap  each  other  a  little 
during  parturition. 

However,  in  some  instances,  no  satisfactory  explanation,  so  far  as 
purpose  is  concerned,  can  be  given  why  a  bone  should  have  a  cer- 
tain number  of  centres  from  which  it  ossifies.  We  must  then  fall 
back  upon  the  general  plan  of  organisation,  the  "  unity  of  type " 
which  pervades  the  construction  of  animals;  and  then  we  shall 
find  that  in  our  own  skeleton  many  such  separate  centres  of  ossi- 
fication represent  permanently  distinct  bones  in  some  of  the  lower 
animals. 

Microscopic  ex-  Let  US  now  pass  on  to  examine  what  the  micro- 
aminationofossi-  ggope  reveals  to  US  concerning  the  ossification  of 
fying  cartUage.  cQj-iHage.  For  this  purpose  it  is  necessary  to 
procure  the  fresh  foetus  of  any  mammalian  animal,  and  to  make 
thin  sections  through  the  bone  and  the  cartilage  at  the  point 
where  ossification  is  going  on.  It  requires  much  dexterity 
and  practice  to  make  the  sections  thin  enough  to  be  trans- 
parent, and  without  severing  the  connection  between  the  car- 
tilage and  the  bone  shooting  into  it.  It  is  to  this  precise  spot, 
where  the  cartilage  and  bone  meet,  that  we  are  to  direct  our  atten- 
tion. We  will  anticipate  the  subject  by  stating  the  general  belief, 
that  the  hyaline  or  basis  substance  of  cartilage  becomes  conveiied 
into  the  hasis  substance  of  bone,  while  the  granklar  nuclei  of  the 
cartilage  cells  form  the  lacunce  and  canaliculi. 

When  all  is  ready  for  ossification,  the  cartilage  is  permeated  by 
larger  and  more  numerous  channels  for  the  blood-vessels  which 
carry  the  bone  earth  in  a  state  of  solution  in  the  blood.  The 
earth  itself  is  then  laid  down,  in  the  form  of  extremely  minute 
Changes  in  the  granules,  in  the  hyaline  substance  of  the  cartilage, 
cartilage  cells.  Meantime  this  deposit  is  preceded  and  attended  by 
remarkable  changes  in  the  cartilage  cells.  All  is  life  and  activity 
with  them  to  make  ready  for  the  coming  change.  The  cells 
multiply  again  and  again  by  subdivision,  so  as  to  arrange  them- 
selves in  slightly  undulating  rows,  perpendicular  to  the  advancing 
bone.  But  this  is  not  all:  some  of  the  cells  which  are  nearest 
to  the  bone  become  enlarged  to  five  or  six  times  their  original  size, 
and  invest  themselves'with  a  thick  cell  wall  at  the  expense  of  the 
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hyaline  substance,  which  is  thus  reduced  to  a  thin  film  between  the 
cells.  These  enlarged  cells  have  been  termed  by  Messrs.  Tomes 
and  De  Morgan  "  lacunal  cells/'  since  it  is  from  the  granular  cells 
in  their  interior  that  the  lacunae  of  bone  are  developed.  And  here 
observe,  that,  although  the  bulk  of  the  hyaline  substance  of  the 
cartilage  is  diminished  by  this  enlargement  of  the  cells,  nevertheless 
the  strength  of  what  remains  is  actually  increased  by  its  being 
impregnated  with  earthy  salts. 

As  the  deposit  of  bone  advances,  not  only  between  the  rows  of 
cells,  but  also  between  the  cells  themselves,  we  can  imderstand 
that  these  become  gradually  surrounded  on  all  sides  by  ossified 
hyaline  substance,  so  as  to  be  buried,  as  it  were,  in  osseous  crypts. 
Contemporaneously  with  this  process,  the  cells  themselves  undergo 
a  strange  metamorphosis.  Their  outer  cell  wall  is  gradually  ossified 
by  the  deposition  of  earth  granules,  while  the  granular  cell  in  the 
interior  concurrently  moulds  itself  into  a  lacuna,  and  shoots  out  its 
canaliculi  into  the  yoimg  bone  of  the  cell  wall.  When  fully  ossified, 
the  cell  wall  disappears,  and  cannot  be  distingisbed  from  the 
ossified  hyaline  tissue.  How  the  canaliculi  of  the  young  lacimee 
establish  a  communication  with  each  other,  is  not  exactly  ascer- 
tained. 

In  plate  C,  fig.  5,  there  is  a  diagram  of  a  perpendicular  section 
of  ossifying  cartilage.  It  shows  the  spicula  of  bone  advancing  into 
the  byaHne  tissue  between  the  rows  of  the  cartilage  cells,  and  also 
between  the  cells  themselves. 

Fig.  6  shows  a  transverse  section  through  the'  ossifying  surface. 
We  see  the  cartilage  cells  enclosed  in  their  little  crypts  of  bone 
forming  a  kind  of  uniform  pattern.    The  cells  themselves  appear 
m  various  stages  of  transformation  into  lacunge. 
Development  of      For  a  long  time  it  was  a  puzzle  in  physiology 

lacuna;  from  the  j.t,      i  ,  ^  J'''"'"oJ 

cells  of  cartilage.  ^""^         ^^'^'^^^  canaliculi  of  bone  were 

formed.  Some  observers  contended  that  they  were 
nothing  more  than  spaces  left  between  the  layers  of  bone  like 
gaps  in  the  weaving  of  an  artificial  fabric.  Others  maintained 
that  they  were  transformations  of  the  cells  pre-existing  in  the  car- 
tilage, and  supported  their  opinion  by  appealing  to  the  successive 
steps  of  the  process  by  which  a  vegetable  cell  is  lignified  It 
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easy  matter  to  follow  up  such  investigations  as  these.  All  is 
straightforward  enough  as  long  as  the  sections  are  transparent; 
but  as  ossification  advances,  the  bone  granules  laid  down  in  the 
hyaline  tissue  cloud  tke  field  at  the  critical  moment  where  the 
chief  point  of  interest  lies,  and  render  further  observation  almost 
impossible. 

At  present,  however,  there  appears  to  be  no  reasonable  doubt 
that  the  lacunse  of  bone  are  developed  from  cartilage  cells,  and  on 
the  following  grounds :  —  1.  While  examining  the  ossifying  shaft  of 
a  bone  affected  with  rickets,  KoUiker*  accidentally  discovered  that 
in  this  disease  the  hyaline  substance  of  the  cartilage  remains  un- 
ossified, — or  all  events  ossifies  very  slowly, —  while  the  cartilage 
cells  do  ossify  just  as  under  ordinary  circumstances.  Here,  then, 
he  had  an  excellent  opportunity  of  seeing  the  gradual  conversion  of 
the  cartilage  cells  into  lacunse  with  canaliculi,  and  of  tracing  the 
successive  steps  of  the  transformation,  from  beginning  to  end. 
2.  In  certain  parts  of  the  body — for  instance,  at  the  symphysis 
pubis,  in  the  intei-vertebral  substances,  in  the  articulation  between 
the  ilium  and  the  sacrum,  and,  generally,  wherever  fibro-cartilage 
or  tendon  is  attached  to  the  bone — ^we  find  cartilage  cells  lying  free 
in  the  matrix,  and  presenting  various  degrees  of  transformation  into 
lacunae  :  so  that  the  conditions  in  normal  tissue  also  favour  the  pre- 
sent belief  as  to  the  mode  of  origin  of  the  lacunse.  3.  Another 
argument  is  derived  from  the  phenomena  attending  the  occasional 
ossification  of  cartilaginous  tumours.f  When  such  tumours  ossify, 
it  is  not  the  intercellular  matrix,  but  the  cartilage  cell,  which  ossi- 
fies: one  can  see  the  cell  wall  gradually  filling  with  successive 
layers  of  bone,  while  the  nucleus  remains  a  lacuna,  and  shoots 
forth  canaliculi. 

Messrs.  Tomes  and  De  Morgan  +  have  succeeded  in  tracing  the 
development  of  lacuna  from  the  cells  of  cartilage  (Plate  C,  fig.  4). 
Previous  to  ossification,  the  enlarged  cartilage  cell,  which  they  call 
a  "  lacunal "  cell,  consists  of  an  outer  pellucid  cell  wall  (a),  a 

*  Ueber  Verknbcherung  bei  Kachitis  und  s.  w.  in  Mittheil.  der  Zurich  nat. 

Gesellsch.  1847,  p.  93. 

t  See  Professor  Qnekett's  Lectures,  vol.  ii.  page  165. 
I  Philosophical  Transactions  for  1853. 
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granular  cell  (b),  and  a  nucleolus  (c).  The  outer  cell  wall  ossifies, 
and  disappears  in  the  surrounding  bony  deposit  (/).  The  granular 
cell  decomes  a  lacuna  by  gradually  throwing  out  canaliculi  (d,  e). 

Formation  of       The  ossified  hyaline  tissue,  and  the  ossified  cell 
cancellous  tissue,    ^^^jj      ^j^^  f^^^j  cartilage,  are  not  destined  to  a 
long  existence.    No  sooner  is  the  bone  laid  down,  than  large 
spaces  are  formed  in  it  by  absorption,  below  the  line  of  ossi- 
fication (fig.  5).     These  spaces  are  irregular  in  form  and  size, 
open  freely  into  each  other,  and  are  filled  with  a  reddish-coloured 
marrow,  and  blood-vessels.    Some  of  them  remain  to  form  the 
temporary  cancellous  tissue  of  the  young  bone.    Others,  to  form 
the  more  compact  substance,  are  gradually  filled  up  by  a  deposit  of 
lammated  bone,  precisely  in  the  same  way  as  the  Haversian  canals. 
In  this  process  of  filling  up,  no  fresh  cartilage  is  formed  :  none  is 
required,  for  the  bone  at  this  stage  can  support  itself,  and  needs 
not  the  mechanical  aid  of  cartilage.  The  process  which  takes  place 
in  the  formation  of  this  "  secondary  bone,"  as  it  is  called,  is  as 
follows :  —A  layer  of  osteal  cells,  connected  by  a  soft  intermediate 
tissue,  is  laid  down  on  the  inner  surface  of  the  cancellous  space ; 
ceUs  and  intermediate  tissue  become  ossified,  and  form  a  thin  layer 
of  bone.    The  same  process  is  repeated  again  and  again,  until  the 
cancellous  space  is  filled  up  to  the  extent  desirable,  and  has  become, 
in  fact,  an  Haversian  system.    But  how,  it  may  be  asked,  are  the 
lacunae  formed  in  this  «  secondary  "  bone  ?    Simply  by  the  trans- 
formation of  some  of  the  osteal  cells  into  lacimse. 

In  brief,  the  ossification  of  foetal  cartilage  may  be  thus  summed 
up: -The  cartilage  becomes  more  vascular;  its  cells  multiply 
arrange  themselves  in  rows,  and  those  nearest  to  the  line  of  ossifi- 
cation mcrease  greatly  in  size.  The  hyaline  substance  of  the  cai- 
ilage  ossifies;  so  does  the  cell  wall ;  but  the  granular  nucletis  of 
the  cell  remains  to  form  the  lacuna  and  canaliculi.  In  the 
pnmary  bone  thus  formed,  large  spaces  are  produced  by  ab- 
soiptjon,  and  are  occupied  at  first  by  fcBtal  marrow  and  blood- 
vessels. Of  these,  some  remain  as  canceUous  tissue,  others  are 
hlled  up  by  layers  of  new  laminated  bone  ("secondary  bone"),  and 
»  ^'^^  -  Haversian 
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Wliat  bones  arc      Almost  all  tlie  bones  in  the  human  body  pre- 
dcveloped    from  g^ist  in  the  shape  of  cartilage,  and  form  what  is 
from  membrane      Called  the  "  cartilaginous  skeleton,"  for  the  support 
of  the  embryo.    But  there  are  some  bones  which 
never  were  cartilaginous  ;  namely,  the  bones  of  the  skull-cap  (the 
frontal  bone,  the  parietal,  the  upper  half  of  the  occipital,  the 
squamous  and  tympanic  parts  of  the  temporal) ;  also,  the  bones  of 
the  face ;  and  lastly,  the  inner  plate  of  the  pterygoid  process  of  the 
sphenoid.    In  fact,  none  of  the  bones  of  the  skull  pre-exist  as  car- 
tilage, except  those  which  form  the  base  of  the  skull.    This  is 
sketched  out  in  cartilage  at  a  very  early  period  of  foetal  existence, 
in  order  to  form  a  support  for  the  important  parts  at  the  base  of 
the  young  brain.  The  cap  of  the  skull,  at  the  time  we  are  speaking 
of,  is  simply  membranous.    Our  present  object  being  to  examine 
the  formation  of  bone  in  membrane,  we  cannot  do  better  than 
follow  out  the  process  in  one  of  the  cranial  bones.    We  shall  find^ 
that  there  is  no  essential  difference  between  the  formation  of  bone 
in  cartilage,  and  its  formation  in  membrane.    In  the  one  case  the 
animal  matrix  is  cartilage  and  cells,  in  the  other,  a  soft  fibrous 
tissue  "and  cells. 

Ossification'  in  We  will  speak  first  of  what  can  be  seen  of  the 
membrane.  Pa-  formation  of  bone  in  membrane  with  the  naked 
rietal  bone  taken    _  ^-^^  parietal  bone  as  our  example.  In 

as  an  example.  °  ^  ^  . 

the  early  embryo,  the  covermg  of  the  bram  is  com- 
posed of  two  closely  united  membranes  —  an  outer,  termed  the 
"pericranium;"  and  an  inner,  termed  the  "dura  mater:"  between 
these  the  bone  is  laid  down.  About  the  end  of  the  second  month 
after  conception,  a  centre  of  ossification  appears  in  the  middle  of 
the  space  which  is  eventually  to  be  occupied  by  the  parietal  bone. 
From  this  centre  the  deposition  of  bony  matter  radiates  in  the 
form  of  fibres  (Plate  D,  fig.  7).  Similar  centres  of  ossification, 
appearing  simultaneously  in  other  parts  of  the  soft  covering  of  the 
brain,  and  radiating  in  the  same  manner,  sketch  out  the  rudiments 
of  the  several  bones  of  the  skull-cap.  For  some  time  the  individual 
bones  are  connected  simply  by  membrane;  and  even  at  birth 
they  can  overlap  each  other  a  little,  in  order  to  facilitate  par- 
turition.   Long  after  birth,  indeed,  there  are  parts  of  the  skull- 


OF  BONE.  33 

cap  closed  in  by  membrane  only,  as  everyone  Icnows  who  has  felt 
the  head  of  an  infant  (Plate  XX.  a,  fig.  4).    These  unossified  parts 
are  called  the  "  fontanelles,"  from  the  rising  and  falling  of  the 
brain  beneath  them,  like  the  bubbling  of  a  spring'.     As  the  child 
grows,  the  rays  from  the  edges  of  the  bones  meet  and  dovetail  so 
as  to  form  what  are  called  the  "  sutures."    ^or  a  long  period  of 
life  the  sutures  may  be  separated ;  indeed,  a  thin  film  of  animal 
matter  is  left  unossified  between  the  interlocking  teeth  of  the  bone, 
of  which  the  manifest  design  is  to  break  the  shock  of  a  blow  on 
the  cranium.    As  old  age  creeps  on,  even  this  film  of  animal 
matter  ossifies,  and  the  cap  of  the  skull  becomes  a  solid  dome  of 
'  bone,  with  all  trace  of  the  sutures  lost. 

Microscopic  ex-  So  much  can  be  seen  with  the  naked  eye 
animation  of  ossi-    concerning  the  process  of  ossification  in  mem- 

fjing  membrane.     ,  _ 

brane.  Let  us  now  examme  it  with  the  micro- 
scope. We  find  that  the  membrane  is  richly  provided  with 
blood-vessels  which  pour  out  the  animal  matter  or  "matrix" 
for  the  bone.  A  careful  examination  of  this  animal  matter, 
with  a  high  power,  shows  it  to  consist  of  a  multitude  of  oval 
cells  (osteal  cells)*  closely  packed,  and  held  together  by  an 
almost  structureless  tissue  ("blastema")  (Plate  C,  fig.  3).  The 
"  bone  crumbs"  are  laid  down  in  this  animal  matrix,  not  only  in 
the  intervening  tissue,  but  also  in  the  osteal  cells,  and  both 
become  blended  as  they  ossify.  The  intervening  tissue,  when 
ossified,  is  more  transparent  than  the  cells,  owing  to  the  latter 
having  so  much  more  bone  earth  in  them.  Observe,  however,  that 
all  the  osteal  cells  do  not  ossify ;  some  of  them,  here  and  there, 
develope  themselves  into  lacunal  cells,  which  form  "lacunaj,"  and 
shoot  out  canaliculi.  These  canaliculi  do  not  stop  at  the  surface 
of  the  cell  wall,  but  extend  their  arms  in  all  directions,  passing 
through  or  between  the  ossified  cells,  and  establishing  the  freest 
communication  with  each  other. 

Whoever  desires  to  examine  this  for  himself  should  procure  the  ' 
skull  of  a  three-months  foetus,  or  a  foetal  lamb  of  the  same  date. 
The  dura  mater  and  the  periosteum  should  be  stripped  off  the 


*  See  Tomes  and  De  Morgan,  loc.  cit. 
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rudimental  parietal  bone.    If  done  carefully,  he  will  find  that  not 
only  on  both  surfaces  of  the  young  bone,  but  also  along  its  free 
edge,  there  is  a  thin  film  of  the  soft  animal  matrix  we  have  been 
speaking  of.    The  best  place  to  examine  the  matrix  is  at  the  edge 
of  the  bone,  from  which  it  is  seen  gradually  passing  off  in  thin 
fibre-like  lines.     Here  it  is  quite  transparent.     The  dark  rays  of 
bone  may  be  seen  advancing  amongst  the  osteal  cells,  and  the 
cells  themselves  may  be  seen  in  all  states  and  stages  of  development. 
The  more  distant  are  still  transparent,  and  without  bone  granules ; 
some,  nearer  the  bone,  are  gradually  filling  with  bone  granules; 
others  are  full  of  them,  and  imbedded  in  the  ossifying  intercellular 
tissue ;  lastly,  some  may  be  detected  in  process  of  transformation 
into  lacuna..   Of  course  the  investigation  of  nice,  points  like  these 
requires  a  practised  eye  and  a  first-rate  microscope,  with  the 
accessory  apparatus  for  modifying  the  light. 

Such  and  so  simple  is  the  formation  of  bone  in  membrane.  The 
process  is  the  same  in  all  cases,  whether  it  take  place  between  two 
membranes,  as  in  the  case  of  the  flat  bones  of  the  skuU  ;  or  beneath 
the  periosteum,  in  the  long  bones  growing  in  circumference.  The 
relative  amount  of  the  osteal  ceUs,  as  compared  with  the  intervening 
tissue,  may  and  does  vary  in  different  bones  and  at  different  ages. 
But  in  all  cases,  no  matter  what  the  age  or  what  the  bone,  the  cells 
and  intermediate  tissue  become  blended  as  they  ossify.     If  the 
ossified  cells  are  scattered  indiscriminately,  the  whole  will  present 
a  tolerably  uniform  granular  appearance.     But  if  it  so  happen,  as 
it  does  in  adult  bone,  that  the  ossified  cells  keep  close  together, 
and  arrange  themselves  in  single  file,  then  we  shall  have  alternate 
layers  of  granular  and  transparent  bone.     The  appearance  of 
"lamination"  will  be  strongly  marked  (Plate  C,  fig.  3). 

Haversian  ca-  We  have,  in  the  next  place,  to  explain  how  the 
nals :  how  formed  Haversian  canals  are  formed  in  bone  growing 
in  bone  growing    ^^^^  membrane.     Eemember  that  the  blood- 

from  membrane.  p  -ji 

vessels  always  precede  the  process  ot  ossification. 
They  are  the  agents  which  map  out,  and  preside  over,  the 
direction  in  which  the  bone  is  to  grow.  The  bone  will  grow 
gradually  round  them.  Suppose,  for  instance,  one  or  more 
arteries  to  run  in  a  given  direction  :  they  first  pour  out  the  animal 
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matrix,  and  then  deposit  in  it  the  bone  eartli :  thus  by  degrees 
they  come  to  be  surrounded  by  their  own  work.  At  first  (Plate  D, 
fi^.  8)  they  lie  in  gi-ooves  on  the  growing  bone,  so  that  its  surface 
presents  a  kind  of  fluted  appearance.  Presently  the  grooves 
become  deeper  by  the  uprising  of  the  edges  round  the  vessels :  at 
last  the  edges  approach  each  other,  and  completely  enclose  the 
vessels.  Thus  is  sketched  out  the  circumference  of  large  Haversian 
canals.  Within  these  canals  a  layer  of  matrix  is  laid  down  and 
ossified,  then  another,  and  so  on  until  they  become  Haversian 
systems. 

How  bones  in-       The  long  bones  increase  in  circumference,  and 
crease  in  thick-    ^jjg  fl^^  ^^^^^        thickness,  not  by  interstitial 
deposit,  but  by  the  successive  formation  of  fresh 
Haversian  canals  beneath  the  periosteum.     Observe,  no  layer  of 
cartilage  is  laid  down  previously.     It  is  simply  ossification  in 
membrane.    The  periosteum  is  composed  of  two  stratar-an  outer 
strong  and  fibrous,  in  which  the  blood-vessels  break  up  before  they 
enter  the  bone;  and  an  inner,  consisting  of  a  softer  tissue  full  of 
osteal  cells,  in  immediate  contact  with  the  bone.     The  softer 
stratum  of  the  periosteum  is  continually  renewed,  so  as  to  present 
a  basis  of  animal  matrix,  which  ossifies  round  the  blood-vessels 
and  forms  a  succession  of  Haversian  canals.    These,  by  endoc^enous 
deposit,  become  Haversian  systems.     The  process  goes  on  vear 
after  year  imtil  the  bone  has  reached  the  size  it  is  destined  to 
attam.    The  formation  of  Haversian  canals  is  then  arrested,  and 
the  periosteum  puts  the  last  finish  to  the  work  by  girding  the 
entire  «haft  of  the  bone  .vith  a  number  of  circumferential  lamin. 
(rlate  B,  fig.  4  a). 

Interesting  ex-       That  bones  grow  in  thickness  by  additions  to 

penments     with  n  -,  J  ^^^ii-ions  to 

madder.  ^^^^^  ^""'^^^^^  and  not  by  interstitial  deposit  is 

with  m.U       ^IT^  ^''"^         interesting  experiments  mlde 
with  madder.     It  was  accidentaDy  discovered  by  Mr.  Belchiei- 

mg  account  of  the  circumstances  under  which  the  dis 
covery  ™  made.-     He  happened  to  be  dining  with  a  caut 


*  Plnlosophical  Transactions  for  1736,  vol.  x.xxi.x. 
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printer  on  a  leg  of  fresh  pork,  and  was  surprised  to  observe  that 
the  bones,  instead  of  being  white,  as  usual,  were  red.    On  making 
inquiry,  he  found  that  the  pig  had  been  fed  on  the  refuse  of  the 
dyeing  vats,  which  contained  a  large  quantity  of  the  colouring 
substance  of  madder.     This  fact  naturally  attracted  the  attention 
of  physiologists.    The  red  tinge  was  found  to  be  communicated 
much  more  quickly  to  the  bones  of  growing  animals,  than  to  those 
full  grown.    The  bones  of  a  young  pigeon  were  tinged  a  rose  colour 
in  twenty-four  hours.    In  the  adult  bird  it  took  fifteen  days  to  do  it. 
The  effect  of  madder  upon  bones  depends  upon  this :— The  colour- 
ing principle  of  the  madder  (rubia  tinctorum)  has  a  strong  affinity 
for  phosphate  of  lime.    It  appears,  however,  that  the  vegetable  dye 
does  not  combine  with  the  phosphate  of  lime  already  formed,  but 
only  with  that  which  is  actually  forming  and  being  deposited  in 
the  bones.     Therefore,  since  the  dye  tinges  only  the  most  recent 
deposit  of  bone,  it  is  possible  to  produce  alternate  rings  of  white 
and  red  bone,  by  periodically  administering  and  withholding  the 
madder  as  an  article  -of  diet.    These  rings  will  be  observed  not 
only  at  the  circumference  of  the  bone,  but  also  within  the  Haversian 
systems,* 

How  bo.ies  iu-  Bones  increase  in  length,  not  so  much  by 
crease  in  length,  interstitial  deposit,  as  by  addition  to  their  ends, 
that  is,  by  progressive  ossification  of  the  layers  of  cartilage  which 
intervene  between  the  ends  of  the  shaft  and  the  epiphyses.  These 
layers  of  cartilage  furnish  the  animal  basis  of  ossification,  by 
constantly  growing  on  the  one  surface  while  they  ossify  on  the 
other.  When  the  cartilage  ceases  to  grow,  ossification  still  goes 
on  till  the  component  parts  of  the  bone  are  all  united  by  bony 
matter  ;  and  thus  the  stature  of  the  individual  is  determined.  If 
from  inflammation  or  other  cause  the  epiphyses  unite  sooner  than 
they  ought  to  do,  then  one  limb  may  be  shorter  than  the  other. 
That  bones  grow  chiefly  by  addition  to  their  ends  was  proved  by 
Hunter.  He  introduced  shots  at  definite  distances  into  the  shaft 
of  a  growing  bone  bf  a  common  fowl,  and  examined  them  a 


*  The  preparations  of  bones  coloured  with  madder  in  the  Hunterian  ]\Iuseuni  are 
Nos.  190  to  201.    The  artificial  perforations  arc  Nos.  188,  189,  Physiolog.  Series. 
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fortnight  or  three  weeks  afterwards.    The  distance  between  the 

two  shots  was  found  only  half  as  much  increased  as  the  distance 

between  a  given  shot  and  the  end  of  the  bone. 

Progressive  de-       The  shaft  of  the  foetal  bone  consists  at  first 

position  and  ab-  entirely  of  cancellous  tissue,  fuU  of  a  reddish- 
sorption  of  bone. 

coloured  marrow.    But  soon  the  cancelli  towards 
the  circumference  are  gradually  filled  by  successive  layers  of 
bone.    They  beconie  Haversian  systems,  and  form  the  compact 
tissue  of  the  shaft;  while  the  cancelli  in  the  interior  are  ab- 
sorbed to  form  the  medullary  canal.    Thus  the  perfect  bone  is 
sketched  out  in  miniature.     Henceforward,  as  each  succeeding 
layer  is  laid  on  the  circumference  by  the  periosteum,  so,  is  the 
medullary  cavity  duly  widened  by  absorption.    This  progres- 
sive deposition  on  the  one  hand,  and  absorption  on  the  other,  goes 
on  modelling  the  shaft  into  its  requisite  proportions  diu-ing  the 
successive  stages  of  growth.    In  a  rapidly-growing  bone  there  is 
nothing  permanent.    It  is  the  very  type  of  activity  and  change. 
No  sooner  is  a  part  laid  down  than  it  is  removed  to  make  way  for 
the  development  of  another  on  a  more  extended  scale.    The  bone 
of  to-day  is  not  the  bone  of  yesterday.    These  two  processes  of 
absorption  and  deposition  are  so  combined  and  harmonised,  that 
during  the  long  period  of  growth  any  given  bone  is  regenerated,  as 
it  were,  several  times.    For  instance,  the  thigh-bone  of  an  infant  at 
birth  does  not  contain  an  atom  of  the  osseous  tissue  which  existed 
three  months  after  conception;  nor  does  the  femur  of  an  adult 
contain  an  atom  of  the  tissue  which  made  up  his  bone  when  he  was 
six  months  old. 

Practical     re-       Suoh  is  an  outluae  of  the  structiu-e  and  forma- 
m arks  on  the  value  r  to.  •  i  •    ,  • 

of  the  periosteum.  ^«  ^  ^^^J^^t  mterestmg  not  only 

for  its  own  sake,  but  because  it  helps  us  towards 
the  explanation  of  what  we  are  every  day  seeing  of  the  processes 
of  disease,  and  the  repair  of  injuries,  in  bone  ;  and  what  is  more,  it 
helps  us  towards  a  rational  treatment  of  them.  To  give  a  few 
examples.  Look  at  the  value  of  the  periosteum.  Suppose  a  por- 
tion of  periosteum  to  be  detached  by  injury  or  disease  from  the 
surface  of  a  bone,  a  part  of  the  thickness  of  the  subjacent  bone 
^nl\  run  great  risk  of  dying.    It  will  not  necessmily  die,  because 
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its  blood-vessels  may  still  be  filled  from  within,  owing  to  the  free 
communication  between  the  blood-vessels  of  the  periosteum  and 
those  of  the  marrow.    In  a  case  of  compound  fracture,  where  there 
are  loose  fragments  of  bone,  we  ought  not  to  remove  any  that  are 
still  connected  to  their  periosteum.    Or,  when  a  portion  of  the 
skull-cap  is  sliced  off  with  the  scalp  by  a  sabre  cut,  and  adheres  to 
it  firmly,  the  scalp  and  bone  should  be  re-applied,  and  the  cure 
will  often  be  effected  without   difficulty.      In  the  Hunterian 
Museum,  there  are  ten  skulls  which  have  suffered  from  very 
severe  sabre  cuts.    The  portions  of  bone  thus  sliced  off,  were  once 
detached,  and  afterwards  re-united  a  little  out  of  their  proper 
place,  so  that  th'e  line  of  separation  can  be  distinctly  seen.*  Again, 
there  are  cases  in  which,  either  from  exposure  to  cold  or  from 
direct  injury,  acute  inflammation  of  the  periosteum  of  the  shaft  of 
a  bone  ensues,  effusion  of  fluid  takes  place  beneath  it,  and  severs 
the  connection  between  it  and  the  bone.     The  death  (necrosis)  of 
the  entire  shaft  may  be  the  consequence.     Then,  what  happens? 
As  the  inflammation  subsides,  the  bone-secreting  layer  of  the 
periosteum  sets  about  forming  new  bone  round  that  which  is  dead, 
so  as  by  degrees  to  enclose  it  in  a  bony  case.    The  dead  bone  lies 
,  loose  in  this  new  case,  having  been  detached  from  the  articular 
ends,  which  (observe)  do  not  die  like  the  shaft:   and  for  this 
reason,— that  they  are  less  compact,  and  largely  supplied  with 
blood  by  the  articular  arteries.    The  articular  ends  of  the  old  bone 
become  in  time  the  articular  ends  of  the  new  bone.    Thus  the 
periosteum  has  formed  a  new  shaft  with  a  capacious  cavity  m  its 
interior,  in  which  the  old  bone  is  enclosed,  and  will  remain  so,  and 
be  a  source  of  irritation  for  years,  unless  removed  by  a  surgical 
operation. 

Although  the  periosteum  holds  the  first  rank  of  all  the  struc- 
tures which  minister  to  the  repair  of  bone,  still  we  are  not  to 
suppose  that  it  is  absolutely  essential  to  the  process.  mere 
nature  finds  it  necessary  that  bone  should  exist,  she  can  form  it  out 
of  almost  any  tissue.    For  example :  In  a  case  of  compound  frac- 

*•  Mr.  O'Haloran,  who  practised  in  Dublin,  the  metropolis  of  cut  heads,  and  very 
naturally  wi-ote  on  injuries  of  these  parts,  gives  many  curious  cases  of  injuries  to  the 
head,  where  pieces  of  bone  cut  off  by  a  sword  have  readily  healed. 
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ture  of  the  leg,  where  a  portion  of  the  entire  circumference  of  the 
tibia,  including  its  periosteum,  was  taken  away,  the  vacancy  in  the 
bone  was  filled  up  by  new  osseous  substance  secreted  by  the  sur- 
rounding soft  tissues,  and  there  was  no  shortening  of  the  limb.* 
Again,  we  occasionally  see  the  intervening  soft  tissues  forming 
bridges  of  bone,  to  repair  a  fracture  where  the  broken  ends  them- 
selves are  widely  apart. 

Material  for  the  In  the  repair  of  fractures,  nature  makes  use  of 
repair  of  fractures,  ^-^e  same  material  as  that  out  of  which  bone  was 
originally  formed.  .She  lays  down  the  animal  matter  first,  which  is 
of  a  fibrous  nature  or  cartilaginous, — or  perhaps  a  mixture  of  both, 
as  the  case  may  be, — and  then  deposits  in  it  the  earthy  salts.  In 
the  case  of  a  simple  fracture,  where  the  broken  ends  are  kept  in 
contact  and  perfectly  immoveable  by  artificial  splints,  the  bones 
unite  almost  like  an  incised  wound  of  soft  parts.  After  all  the 
effused  blood  is  absorbed  between  the  broken  ends,  a  soft  fibrous 
substance  (blastema)  full  of  osteal  cells  is  thrown  out  from  the  ends 
of  the  broken  bone,  so  as  to  form  a  thin  layer  of  animal  matter 
(intermediate  callus)  between  them.  This  gradually  hardens,  and 
the  bone  earth  is  then  deposited  in  the  blastema  and  cells.  Thus 
the  ends  are  united.  It  occupies  a  period  varying  from  four  to  ten 
weeks,  according  to  the  bone  broken;  e.g.  the  clavicle  and  the 
ribs  unite  more  quickly  than  other  bones,  probably  from  their 
great  vascularity.  The  process  is  simply  an  excess  of  nutrition. 
Apparently,  more  new  bone  than  is  wanted  is  formed.  The  excess 
fills  up  the  medullary  cavity  at  the  seat  of  fracture,  and  rounds  off 
corners  and  angles  if  there  be  any.  But  when  the  permanent 
uniting  medium  is  strong  enough,  nature  removes  all  that  is  seem- 
ingly superfluous,  and  the  medullary  canal  is  restored  as  it  was 
before,  after  a  period  varying  from  six  to  twelve  months.  On  the 
other  hand,  suppose  the  fracture  cannot  be  kept  steady— as,  for 
instance,  in  the  case  of  animals— then  nature  provides  a  land  of 
temporary  splint,  in  the  shape  of  a  broad  and  thick  ferrule  of  car- 
tilage, which  ossifies  round  the  ends  of  the  broken  bone,  in  order 


*  Stanley,  Diseases  of  the  BoncSj  p.  108. 
D  4 
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to  keep  them  as  immoveable  as  .possible,  while  the  permanent 
process  of  repair  is  going  on  between  them.  This  ferrule,  termed 
the  provisional  callus  *  is  not  removed  until  the  fracture  has  been 
thoroughly  repaired. 

*  "  Callus "  is  the  term  applied  by  the  old  surgeons  to  the  material  by  which 
fractures  were  repaired. 
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THE   VERTEBRAL  COLUMN. 
(Plates  I.  and  II.) 

The  vertebral  column  or  spine,  (Plate  II.),  consists  of  a  series 
of  bones  ai-ticulated  together  so  as  to  describe  three  slight  and 
graceful  curves,  the  bend  being  forward  in  the  loins,  backward  in 
the  chest,  and  again  forward  in  the  neck.  These  bones  are  caUed 
the  "vertebrae"  because  they  permit  the  bending  and  rotation  of 
the  body  {verto,  I  turn).  They  are  24  in  number  ;  of  which  seven* 
constit\ite  the  cervical  region,  twelve  the  dorsal,  and  five  the 
lumbar.  Below  the  lumbar  vertebrae,  the  spine  is  supported  upon 
a  bone  termed  the  "  os  sacrum,"  which  consists  of  five  vertebrae 
firmly  coalesced  into  a  single  bone.  Below  the  sacrum  is  the 
little  bone  termed  the  "coccyx,"  from  its  resemblance  to  the  beak 
of  a  cuckoo  {kokxv^).  This  also  contains  the  rudiments  of  three 
and  sometimes  four  vertebrae;  The  vertebral  formula  of  man, 
therefore,  is — 7  cervical,  12  dorsal,  5  lumbar,  5  sacral,  and 
4  coccygeal  or  caudal,  in  all  33. 

General  descrip-  All  the  vertebrae  are  constructed  upon  one  plan, 
tion  of  a  vertebra.  have  certain  common  characters.     These  are 

modified  in  each  region  of  the  spine,  to  suit  its  special  require- 
ments: Let  us,  therefore,  first  obtain  a  general  knowledge  of  a 
vertebra,  and  of  the  names  given  to  its  several  parts ;  and  after- 
wards examine  the  characteristics  of  the  vertebrae  in  each  region. 

Taking  a  lumbar  vertebra  as  a  pattern,  we  find  it  consists  of  a 
"body,"  or  "centrum,"  which  forms  the  columnar  part,  and 
supports  the  weight  of  the  spine.    The  body  is  convex  in  front, 

*  In  all  known  "  mammalia  "  there  are  seven  cervical  vertebrte,  with  the  exception 
of  the  three-toed  sloth  (bradypus  tridactylus),  which  has  two  more  than  seven,  and 
the  manatee,  or  sea-cow,  which  has  less  than  seven.  In  the  skeleton  of  the  whale, 
which  to  outward  appearance  seems  to  have  no  neck,  there  are  as  many  cervical 
vertebra;  as  in  the  giraffe.  Is  not  this  a  striking  instance  of  "  unity  of  type  "  within 
the  limits  of  a  class  ?  True,  the  vcrtcbrtE  in  the  neck  of  the  wliale  arc  not  moveable 
one  upon  another,  because  they  are  rcquu-ed  to  give  a  firm  and  unyielding  support  to 
the  head  as  it  moves  through  the  water.    Still,  seven  vertebraj  are  substantially  there. 
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Such,  then,  are  the  constituent  parts  of  a  vertebra :  namely,  a 
body,  an  arch,  a  vertebral  foramen ;  seven  outstanding  processes, 
of  which  four  are  for  articulation,  and  three  for  the  attachment  of 
muscles ;  lastly,  the  notches  for  the  ti-ansmission  of  the  spinal 
nerves. 

We  must  next  examine  the  peculiarities  of  the  different  vertebras  ; 
selecting  in  each  case  a  well-marked  example,  since  the  peculiari- 
ties of  one  region  gradually  merge  into  those  of  the  next. 

Characters  of  The  general  characters  of  the  lumbar  vertebrae 
Lumbar    Veb-  f^^j^^^^  :_The  "bodies"  are  large  and  oval, 

TEBRS;.  ... 

with  their  broad  diameters  from  side  to  side,  for  the 
better  support  of  the  trunk.  The  vertical  measurement  of  tlae  bodies 
is  greater  in  front  than  behind,  in  adaptation  to  the  lumbar  curve. 
Their  sides  are  slightly  excavated,  for  economy  of  weight  and  bulk. 
Their  "spinous  processes"  are  broad,  square,  and  lofty,  to  give 
good  leverage  to  the  extensor  muscles  of  the  spine;  and  stand  out 
horizontally,  so  as  not  to  interfere  with  the  extension  of  the  back. 
Their  "  transverse  processes"  are  thin  and  long,  and  appear  like 
stunted  ribs.  Their  "articular  processes"  are  vertical,  and  very 
strong :  the  upper,  slightly  concave,  look  towards  each  other ;  the 
lower,  slightly  convex,  fit  in  between  those  of  the  succeeding  ver- 
tebra. These  articulations  are  so  shaped  as  to  admit  not  only 
of  extension  and  flexion  of  the  loins,  but  also  of  a  certain  amount 
of  rotation,  which  is  useful  in  progression.  The  "vertebral 
foramen"  is  triangular,  with  the  angles  rounded.  The  "last 
lumbar  vertebra"  is  distinguished  from  the  others  by  the  slope  on 
the  lower  surface  of  its  body,  in  adaptation  to  the  slope  of  the 
sacrum,— by  the  thickness  of  its  transverse  processes  for  the  attach- 
ment of  the  ilio-lumbar  ligament,— by  the  great  width  between 
£he  lower  articular  processes,  in  order  to  increase  the  base  of 
support,— and  by  its  spinous  process  being  reduced  in  the  antero- 
posterior direction,  so  as  not  to  impede  free  extension  in  this  part 
of  the  back.  • 

i^'^'::^i\:L  .  ^^^^^^^  ^^--^t-^s  of  the 

TEHRiE. 

dorsal  vertebrae  : — Their  "  bodies"  are  smaller  than 
those  of  the  lumbar,  since  they  have  less  weight 
to  bear.     Their  vertical  depth  is  less  in  front  than  behind,  in 
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adaptation  to  the  dorsal  curve.  They  have  two  little  cup-like 
articular  surfaces  on  each  side  for  the  reception  of  the  heads  of  the 
ribs,  the  lower  cups  being  the  larger.  By  referring  to  the  spine 
(Plate  II.),  we  observe  that  the  socket  for  the  head  of  the  rib  is 
formed  by  the  articular  cups  of  two  vertebrae  with  the  intervening 
fibro-cartilage.  Their  "  spinous  processes"  are  long  and  slanting, 
so  that  they  overlap  each  other,  and  prevent  extension  of  the  spine 
in  this  region.  Their  "  transverse  processes  "  are  thick  and  strong, 
and  have  each,  near  their  ends,  an  articular  surface  for  the  ribs, 
which  they  support  like  so  many  buttresses.  Observe  that  those  of 
the  eleventh  and  twelfth  are  very  small,  and  have  not  this  surface, 
because  the  corresponding  ribs  are  too  small  and  short  to  need 
their  support.  Of  the  "  articular  processes,"  the  upper  look  back- 
wards, the  lower  forwards,  and  the  planes  of  both  are  so  nearly 
vertical  that  it  is  manifest  there  can  be  but  little  movement 
between  any  two  dorsal  vertebra.  The  vertebral  foramen  is  nearly 
roimd. 

Characters  of  With  regard  to  the  cervical  vertebra3,  their 
the  Ckevical  "bodies"  present  lateral  ridges  which  fit  into 
Vertebra.  corresponding  depressions  on  the  side  of  the  ver- 

tebra above,  so  as  to  prevent  lateral  displacement.  They  are 
smaller  than  in  the  dorsal  region,  and  their  greatest  diameter  is 
transverse.  Their  "  spinous  processes"  are  short  and  horizontal,  m 
order  to  permit  the  free  extension  of  the  neck :  observe  more 
particularly  the  shortness  of  the  third,  fourth,  and  fifth.  They  are 
bifurcated*  at  the  summit  for  muscular  insertion.  That  of  the 
seventh  cervical  vertebra  is  not  bifurcated,— it  projects  beyond  the 
others :  and  hence  this  vertebra  is  called  the  "  vertebra  prominens." 
The  reason  of  its  greater  projection  is,  to  give  additional  leverage 
to  the  elastic  ligament  (Hgamentum  nuchae),  and  the  muscles 
which  maintain  the  head  erect.  Their  "  transverse  processes"  are 
very  remarkable.  There  is  a  large  "  foramen"  through  their  base, 
for  the  passage  of  the  vertebral  artery :  there  is  a  groove  on  their 
upper  surface  for  the  lodgment  of  the  spinal  nerves;  and  this 

.  This  bifurcation  of  the  spines  of  the  cervical  vertebra,  is  peculiar  to  the  hunian 
skeJon  the  object  being  to  afford  n,ore  room  for  the  insertion  of  the  powerful 
muscles  which  maintain  the  neck,  and  therefore  the  head,  erect. 
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groove  bifurcates  their  summit,  so  that  it  presents  two  "  tubercles," 
— an  anterior  and  a  posterior,  both  for  the  attachment  of  muscles.* 
Strictly  speaking,  we  ought  to  say  that  the  transverse  process  of  a 
cervical  vertebra  arises  by  two  roots,  which  subsequently  join,  so  as 
to  form  a  foramen  for  the  vertebral  artery:  the  anterior  root 
springs  from  the  side  of  the  body ;  the  posterior  springs  from  the 
arch.  Their  "articular  processes"  are  oblique  and  inclined,  so 
that  their  planes  make  an  angle  of  about  45°  with  the  horizon. 
This  degree  of  obliquity  permits  the  requisite  flexion  and  extension 
of  the  neck,  as  well  as  slight  lateral  inclination  of  it.  A  dislocation 
of  one  of  these  vertebrae  may  happen  without  fracture  of  the  arti- 
cular processes.  Such  a  dislocation  is  exceedingly  rare  ;  but  there 
are  specimens!  of  it  in  the  Museum  of  St.  Bartholomew's  Hospital. 
It  may  be  produced  by  sudden  and  forcible  rotation  of  the  neck. 
Baron  Boyer|  speaks  of  an  advocate  who  dislocated  one  of  his 
cervical  vertebrae  by  suddenly  turning  his  head  round  to  see  who 
was  coming  in  at  a  door  behind  him. 
Characters  of       The  first  and  second  cervical  vertebrte  undergo 

the  First  &  Se-    more  remarkable  modifications  than  any  of  the 

coND  Cervical  ,    .        ,     ^  .,  , 

Vertebra.  ^"^"-^^  *°  permit  the  noddmg  movement  and 

the  rotation  of  the  head. 

The  first  cervical  vertebra  is  called  the   "  atlas,"  because  it 

supports  the  head.     This  vertebra  is  more  like   a  ring.  It 

has  no  body,  like  the  others,  but  only  a  little  "tubercle"  iu 

front.    The  reason  generally  assigned  for  this  is,  that  the  body  has 

been  removed  to  make  way  for  the  "  odontoid  process  "  of  the  second 

vertebra.    This-  is  all  very  well  so  far  as  it  goes.    But  the  correct 

explanation  is,  that  this  same  "  odontoid  process  "  is  the  body  of 

the  atlas,  and  it  is  thus  transferred  and  fixed  to  the  second  vertebi-a, 

in  order  to  form  a  pivot  for  the  atlas  to  rotate  upon.    It  seems,  at 

first  sight,  rather  far-fetched  to  say  that  the  atlas  rotates  round  its 

own  body  (detached) ;  but  it  is  nevertheless  true,  and  borne  out  by 

the  facts  of  philosophical  anatomy.  § 

*  Observe  especially  the  large  size  of  the  anterior  tubercle  of  the  6tli  cervical 
vertebra.    It  is  called  the  carotid  tubercle,  being  a  guide  to  the  carotid  artery, 
t  Ser.  IV.  No.  8,  12,  13.  f  Traitc  des  Malad.  Chir.  t.  iv.  c.  iv. 

§  See  the  Homologies  of  the  Vertebrate  Skeleton,  by  Professor  Owen. 
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Now  the  entire  form  of  the  atlas  is  modified  so  as  to  be  adapted 
to  the  rotatory  movement  of  the  head.  In  the  first  place,  there  is 
a  little  articular  surface  for  the  odontoid  process  on  the  anterior 
part  of  the  ring  of  the  atlas.  The  «  spinous  process  "  is  reduced 
to  a  mere  tubercle  (the  posterior  tubercle) ;  for  a  large  spine  would 
obviously  interfere  with  the  free  backward  movement  of  the  head. 
The  "  transverse  processes "  are  thick  and  strong,  and  project  far 
beyond  those  of  the  other  cervical  vertebrse,  in  order  to  give  greater 
leverage  to  the  inferior  oblique  muscles  which  assist  in  rotating  the 
head  from  side  to  side.  Its  "  inferior  articular  "  processes  are  flat, 
and  nearly  horizontal,  so  as  to  slide,  in  the  movement  of  rotation, 
on  the  upper  articular  processes  of  the  second  vertebra.  The 
"  superior  articular  "  processes  are  oval,  concave  from  before  back- 
wards, and  higher  on  their  external  brims,  so  as  to  form  two  little 
cups  for  the  support  of  the  "  condyles  "  of  the  occipital  bone.  They 
not  only  sustain  the  whole  weight  of  the  head,  but  are  shaped  to 
permit  its  "  nodding  "  movement.  Within  the  articular  processes, 
we  observe  two  tubercles,  one  on  either  side,  which  give  attachment 
to  the  strong  "  transverse  "  ligament,  which  confines  the  odontoid 
process  in  its  position.  The  "  arch  "  formed  by  the  laminae  is  wider 
than  in  other  vertebrae,  to  make  ample  space  for  the  spinal  cord.* 
On  the  upper  surface  of  each  lamina  is  a  groove  (sometimes  a  com- 
plete bony  canal)  for  the  vertebral  artery.  Lastly,  the  "  notches  " 
for  the  nerves  are  placed  behind  the  articular  processes,  while  in  all 
the  other  vertebrae  they  are  in  front  of  them  :  and  the  reason  of 
this  is  obvious,  when  we  reflect  that  the  articular  processes  of  the 
atlas  must  necessarily  be  advanced  in  order  to  meet  the  condyles  of 
the  occipital  bone,  and  to  support  as  well  as  transmit  the  weight  of 
the  head  in  the  line  of  the  bodies  of  the  succeeding  vertebrae. 

Second  Ceevi-  The  second  cervical  vertebra  is  called  the  "  axis," 
CAL  Vertebra.  because  it  forms  the  pivot  upon  which  the  head 
(with  the  atlas)  turns.  The  pivot,  termed  the  "  odontoid  process," 
from  its  resemblance  to  a  tooth,  rises  vertically  from  the  "body" 
of  the  axis,  and  fits  into  a  kind  of  socket  formed  in  part  b}'  the 

*  Hence  the  possibility  of  lateral  displacement  of  the  atlas  without  compression  of 
the  spinal  cord.  See  a  most  remarkable  case  of  this  kind,  with  a  drawing,  in  Med.- 
Chir.  Trans,  vol.  xxxi.,  by  Mr.  Paget. 
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atlaSj  and  completed  in  the  recent  state  by  the  transverse  ligament. 
It  is  a  mechanism,  as  Paley  observes,  resembling  a  tenon  and 
mortise.  The  odontoid  process  has  a  smooth  surface  in  front,  for 
the  play  of  the  atlas ;  another  behind,  for  that  of  the  ligament. 
Moreover,  it  is  slightly  constricted  at  its  lower  part  (forming  what 
is  called  "  the  neck  "),  that  the  ligament  may  clasp  it  more  securely. 
Lastly,  its  summit  or  "  head  "  is  rough,  and  sloped  laterally  for 
the  attachment  of  the  "  check "  ligaments,  which  fasten  it  to  the 
occipital  bone.*  Considering  the  importance  of  the  odontoid  pro- 
cess, we  are  not  surprised  that  nature  has  made  its  interior  struc- 
ture much  closer  than  that  of  the  body  of  the  axis.  The  upper 
"  articular  processes  "  are  flat,  and  nearly  horizontal,  in  adaptation 
to  the  rotatory  movement  of  the  atlas  ;  and,  like  those  of  the  first 
vertebra,  have  a  very  strong  base,  because  they,  and  not  the  "  body," 
support  the  weight  of  the  head.  The  lower  "  articular  processes  " 
are  oblique,  and  placed  considerably  behind  the  upper,  so  as  to 
correspond  with  the  line  of  the  articular  processes  of  the  succeeding 
vertebra.  The  "  transverse  processes  "  are,  comparatively,  small, 
and  not  grooved  or  bifurcated ;  but  the  hole  at  their  base  is  inclined 
obliquely  outwards,  to  suit  the  curve  of  the  vertebral  artery.  The 
"  laminas "  of  the  arch  are  remarkably  strong,  and  the  "  spinous 
process "  stands  well  out,  and  bifurcates  widely  in  order  to  give 
greater  leverage  to  the  inferior  oblique  muscles  which  rotate  the 
head.  The  great  size  and  projection  of  this  spinous  process  is  one 
of  the  distinguishing  characters  of  the  axis;  and  with  this  we  should 
associate  the  large  size  of  the  transverse  process  of  the  atlas,  these 
being  the  respective  attachments  of  the  inferior  oblique  muscles. 

Characters  of  The  seventh  cervical  is  called  the  "vertebra 
SnvicArvKK"  prominens,"  on  account  of  its  long  spine.  This 
TEBRA.  IS  for  the  attachment  of  the  elastic  ligament  (liga- 

mentum  nuch®)  which  assists  in  keeping  the  head 
erect.    Its  "  transverse  process  "  is  not  always  perforated,  neither  is 

ti.nefsl!r'n!'f  "T^'^  °^  ^'^""'"i'^  process  does  some- 

tunes  shp  out  of  us  nng.    The  following  is  an  instance  :_A  lady  was  carryinrr  her 

t!:7^^:'::^-r  ^.°f"ft'^^''"^^' '''''  clung  to  its  Lt^^sS'::: 

lorciWy  backwards.  The  lady  fell  dead.  It  is  more  liable  to 
di  location  m  ch.  dren,  because  the  ligaments  arc  weaker  than  in  the  adult  Petit 
relates  the  case  of  a  child  who  was  instantaneously  killed  by  being  lifted  by  the  hid 
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it  grooved;  but  its  breadth  and  length  suggest  the  idea  of  its  being 
a  rudimfentary  rib.* 

Characters  of  The  "  body  "  of  the  first  dorsal  vertebra  has  an 
the  First,  Ele-  articular  surface  for  the  head  of  the  first  rib,  and  a 
TwELFTii  Dor-  smaller  one  for  half  of  that  of  the  second  rib.  The 
SAL  VERTEBRiE.  cleveuth  aud  twelfth  dorsal  have  only  single  arti- 
cular surfaces  for  the  last  two  ribs.  Their  "  transverse  processes  " 
are  much  reduced  in  size,  and  do  not  articulate  with  ribs.  The 
.twelfth  dorsal  may  be  told  from  the  eleventh,  by  the  fact,  that  its 
lower  articular  processes  look  outwards,  like  the  corresponding  pro- 
cesses in  the  lumbar  vertebrte. 

Tubercles  on  We  must  here  notice  the  small  risings  termed 
Lumbar  Verte-  ^]^g  «  anterior  and  posterior  tubercles,"!  which  are 
seen,  in  most  skeletons,  on  the  last  dorsal  and  on 
the  lumbar  vertebrae  (Plate  XLV,  fig.  2),  The  anterior  tubercle 
projects  from  the  superior  articular  processes.  The  posterior 
tubercle  projects  between  the  superior  articular  and  the  transverse 
processes.  In  the  human  subject  these  "tubercles  "  serve  only  for 
the  attachment  of  muscles  ;  but  in  some  animals,  as  Professor  Owen 
has  pointed  out,  they  attain  extraordinary  size  for  particular  pur- 
poses. ■  For  instance  :  in  the  armadillo,  the  anterior  tubercle  is  as 
long  as  the  spinous  process  itself,  to  help  to  support  the  armour. 
In  the  Quadrumana  (monkey  tribe),  the  posterior  tubercles  gain  a 
development  in  the  dorsal  and  lumbar  regions  more  conspicuous 
than  the  articular  processes  themselves,  and  contribute  to  the 
security  of  the  spine. 

Vertebral  column  The  spine  is  a  most  wonderful  piece  of  mechan- 
as  a  whole.  jg^,  and  has  excited  the  admiration  of  anatomists, 

from  the  various  and  apparently  incompatible  offices  which  it  serves. 
It  forms  a  column,  at  once  strong  and  firm,  to  support  the  erect 
position  of  the  body ;  flexible,  to  admit  the  bending  of  the  trunk 
in  various  degrees ;  and  elastic,  to  prevent  concussion  of  the  head. 
It  forms  a  continuous  canal  at  the  back  of  the  column  for  the  pro- 

♦  The  seventh  cervical  vertebra  has  sometimes  two  little  ribs  attached  to  it,  one  on 
cither  side,  in  form  and  situation  resembling  the  cervical  ribs  of  animals. 

t  The  posterior  tubercles  are  alluded  to  by  Monro,  Anatomy  of  the  Human  Bones, 
1726  ;  also  by  Soemmering,  Dc  Corp.  human.  Fabricn,  8vo.  1794. 
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tection  of  the  spinal  cord,  a  basis  for  the  origin  of  the  muscles 
which  spread  over  the  trunk,  and  a  lever  for  the  muscles  which 
keep  the  body  erect;  All  these  offices  are  performed  by  it  with  so 
much  safety,  that  even  the  feats  of  a  mountebank  rarely  injure  the 
spine. 

The  main  strength  of  the  spine  depends  upon  this, — ^that  it  con- 
sists of  a  chain  of  bones  so  locked  together,  that  the  degree  of 
motion  between  any  two  is  limited,  though  that  diffused  through 
the  whole  is  extensive.  Another  reason  of  the  strength  of  the  spine 
is  its  arrangement  in  alternate  curves.  Mathematicians  have  cal- 
culated that  it  is  many  times  stronger,  and  more  adapted  to  resist 
vertical  pressure,  than  if  it  were  straight,  the  force  being  decom- 
posed by  the  curves.*  Look  at  the  enormous  weight  which  a  man 
can  carry  with  ease  and  safety  on  his  head.  Moreover,  the  curves 
convert  the  spine  into  so  many  elastic  springs,  to  prevent  the  jarring 
of  the  brain.  Besides  this,  the  curves  are  admirably  disposed  both 
for  the  lodgment  of  the  internal  organs,  and  the  transmission  of 
the  weight  of  the  head  and  trunk  in  the  line  of  gravity.  They  are 
so  regular  and  gentle  withal,  that  the  spinal  cord  runs  no  risk  of 
compression;  and  lastly,  they  give  the  body  that  graceful  form 
which  has  been  the  "  line  of  beauty  "  in  every  age. 

The  curves  of  the  spine  are  produced  partly  by  the  relative 
thickness  of  the  bodies  of  the  vertebrae  in  the  dilferen  regions,  but 
clviejiy  by  the  intervert  \\  fibro-cartilages  and  the  ension  and 
elasticity  of  the  ligaments. 

From  common  observation,  as  well  as  from  experiments,  it 
appears  that  flexion  and  extension,  as  well  as  lateral  movement  of 
the  spine,  are  freest  in  the  neck,  less  free  in  the  loins,  and  least 
in  the  back.  Now  the  vertebrse  are  adapted  accordingly.  Thus, 
in  the  neck  the  articular  processes  are  oblique,  the  spinous  pro- 
cesses of  the  third,  fourth,  fifth,  and  sixth  vertebra  are  short  and 
horizontal,  and  the  intervertebral  substances  thick.  Iii  the  back 
these  substances  are  thin,  the  articular  processes  nearly  perpen- 
dicular, and  the  spinous  processes  overlap  each  other,  so  that  there 


•  Eollin  and  Magcndie  make  it  sixteen  times  stronger-,  but  this  must  siu-cly  be 
mistake.  '' 
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cannot  be  much  movement  between  the  bones.  In  the  loins,  again, 
the  thickness  of  the  intervertebral  substances,  the  horizontal  and 
wide-apart  spines,  and  the  configuration  of  the  articular  processes, 
combine  to  allow  more  motion  than  in  the  back,  but  less  than  in 
the  neck. 

The  intervertebral  substance  between  the  bodies  of  the  vertebra3 
provides  for  the  elasticity  as  well  as  the  flexibility  of  the  spine. 
The  solidity  of  this  substance  gradually  diminishes  from  the  cir- 
cumference towards  the  centre,  where  it  forms  a  soft  and  almost 
incompressible  pulp,  permitting,  to  a  limited  extent,  the  motions 
of  a  ball-and-socket  joint;  namely,  a  gentle  bend  in  every  direction, 
with  a  small  amount  of  rotation.  Its  great  elasticity  breaks  the 
force  of  jars  by  gradually  yielding,  and  always  tends  to  restore  the 
column  to  its  erect  form.  Long-continued  pressure  during  the  day 
will,  indeed,  make  the  intervertebral  substances  yield,  so  that  a 
man  loses  in  height  perhaps  \  or  even  I  an  inch ;  but  this  is 
recovered  after  a  night's  rest.  At  the  same  time  it  should  be 
remembered,  that  a  habit  of  leaning  too  much  on  one  side  ^vill 
make  the  yielding  of  the  intervertebral  substance  pemanmt. 
Even  the  bones  themselves,  while  they  are  gromng,  wiU  yield 
under  such  circumstances.  Thus  we  may  have  distortion  without 
actual  disease. 

As  to  the  form  of  the  column,  looking  at  it  in  front  we  observe 
that  it  is  pyi-amidal,  and  that  the  bodies  of  the  vertebrae  gradually 
increase  in  size  from  above,  in  order  to  form  a  broad  base  of 
support.  The  atlas,  in  consequence  of  the  great  dimensions  of  its 
transverse  processes,  necessary  for  the  rotation  of  the  head,  tops  the 
pUlar  like  a  "  capital."  It  is,  however,  necessary  to  remark,  that 
there  is  a  partial  enlargement  of  the  column  about  the  lower  part 
of  the  cervical  region,  to  give  a  broader  base  to  the  neck;  and 
again  a  slight  decrease  in  its  breadth,  about  the  third  and  fourth 
dorsal  vertebrae,  to  allow  more  room  for  the  limgs.  Moreover,  we 
commonly  observe  a  very  gentle  lateral  curve  in  the  dorsal  region, 
particularly  about  the  third,  fourth,  and  fifth  vertebrae,  with  the 
concavity  towards  the  left  side.  The  reason  of  this  curve  has  been 
much  discussed.  Some  anatomists  attribute  it  to  the  more  frequent 
use  of  the  right  arm ;  others  to  the  presence  of  the  aorta.  The 
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solution  of  the  question  is  of  no  practical  value ;  all  we  need 
remember  is,  that  the  curve  is  natural. 

Looking  at  the  back  of  the  column,  we  observe  the  long  row  of 
spinous  processes  forming  the  vertical  crest  which  gives  the  name 
to  "  the  spine."  On  either  side  of  it  is  a  deep  furrow,  termed  the 
"vertebral  groove,"  which  is  occupied  by  the  strong  muscles  of 
the  back.  The  crest  being  aU  that  we  can  either  see  or  feel  of  the 
spine  during  life,  is  the  part  we  immediately  examine  in  cases  of 
injury  or  disease.  In  making  this  examination,  we  ought  to  be 
aware  that  the  spines  of  the  several  vertebras  do  not  always  succeed 
each  other  in  a  precisely  straight  line,  but  that  one,  here  and 
there,  may  deviate  to  the  right  or  the  left,  even  in  persons  of  the 
strongest  frame. 

Eespecting  the  vertebral  canal  (shown  throughout  in  Plate  II.  a), 
it  is  only  necessary  to  remark  how  well  it  is  protected  from  injury 
by  the  breadth  of  the  arches  of  the  vertebra.  The  arches  overlap 
each  other  so  that  it  would  be  difficult  for  a  cutting  instrument  to 
penetrate  anywhere,  except  perhaps  iu  the  lumbar  region  and, 
again,*  between  the  arch  of  the  atlas  and  the  occiput,  where  animals 
are  usually  "pithed."  The  area  of  the  canal  is  larger  in  the  lower 
cervical  and  in  the  lumbar  region  than  elsewhere,  for  two  reasons  : 
— first,  because  the  spinal  cord  itself  presents  corresponding 
enlargements  in  these  parts  vrhere  the  great  nerves  of  the  limbs 
■proceed  from  it ;  secondly,  because  these  regions  being  the  most 
ipoveable,  the  cord  runs  less  risk  of  compression.  Observe  well 
the  relative  size  and  mode  of  formation  of  the  intervertebral 
foramina. 

Ossification  of  As  a  rule,  each  vertebra  is  ossified  from  eight 
the  vertebra.  centres,  of  which  three  are  "  principal,"— namely, 
one  for  the  body,  and  one  on  each  side  for  the  arch  and  its  pro- 
cesses :  the  remaining  five  are  "epiphyses,"  and  appear,  about  the 
age  of  puberty,  as  follows :— one  in  the  cartilaginous  end  of  the 
spinous  process,  one  in  the  cartilaginous  end  of  each  of  the 
transverse  processes,  and  one  for  each  of  the  discs  which  form  the 
articular  surfaces  of  the  body. 

Ossification  usually  commences  at  the  sides  of  the  arch  just 
before  it  does  in  the  body  of  the  vertebra,-viz.  about  the  sixth 
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or  eighth  week  after  conception.  The  sides  of  the  arch  unite  first 
at  the  base  of  the  spinous  process,  so  as  to  complete  the  ossification 
of  the  arch  in  the  first  year  after  birth.  During  the  third  year 
the  bases  of  the  arch  unite  with  the  independently  ossified  "  centre" 
or  "body." 

Where  vertebrae  undergo  great  modifications  of  form,  we  meet 
with  exceptions  to  the  above  rule.  Thus  the  atlas  has  only  two 
"primary"  centres, — one  for  each  of  its  lateral  halves;  and  two 
"  epiphyses,"— one  for  the  anterior  tubercle,  the  other  for  the 
posterior.  The  axis  has  two  additional  centres,  placed  side  by  side, 
for  its  odontoid  process. 


BONES  OF  THE  SKULL. 


We  divide  the  bones  of  the  skull  into  those  which  form  the 
"cranium"  or  brain  case,  and  those  which  form  the  skeleton  of 
the  face.  We  shall  first  describe  each  of  these  separately,  and 
afterwards  examine  the  skull  as  a  whole. 

1 2  Superior  Maxillary, 
2  Malar, 
,  2  Nasal, 
)  2  Palate, 
\  2  Lachrymal, 
1  2  Inferior  turbinated,  j 
Vomer,  \ 
ry.^ 


I Occipital,  _ 
Frontal, 
2  Parietal,  '  ' 
2  Temporal,  - 
Sphenoid,  - 
■Ethmoid. 


8 

Bones  of 


14 

Bones  op 
THE  Face. 


V  Inferior  Maxillary. 


THE  OCCIPITAL  BONE. 


(Plate  nr.) 

Basilar  process.  The  occipital  bone  contributes  to  form  part  of 
the  base  of  the  skull,  as  well  as  the  back  of  the 
head.  There  is  a  large  oval  hole  in  it,  called  the  "foramen 
magnum,"  for  the  passage  of  the  spinal  cord  and  its  membranes, 
the°two  vertebral  arteries,  and  the  two  spinal  accessoiy  nerves. 
The  hole  is  very  much  larger  than  the  parts  which  pass  through  it. 
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all  the  intervening  space  is  occupied  by  a  watery  fluid  (cerebro- 
spinal fluid)  which  acts  as  a  protector.     The  narrow  part  of  the 
bone,  in  front  of  the  hole,  projects,  not  exactly  horizontally,  but 
wth  a  considerable  inclination  upwards :  it  is  called  the  "  basilar 
process,"  because  it  is  wedged  into  the  base  of  the  sku.U.     It  cor- 
responds with  the  top  of  the  pharynx.    This  relation  is  of  practical 
importance.     It  is  well  to  know  that  the  basilar  process  is  within 
reach  of  the  finger  when  introduced  into  the  mouth,  and  that, 
consequently,  we  can  explore  it  satisfactorily,  so  as  to  ascertain  how 
far  a  polypus  may  be  connected  to  it.    The  end  of  the  basilar 
process  is  joined  to  the  body  of  the  sphenoid  bone,  in  early  life, 
by  cartilage  ;  but  in  the  adult  this  cartilage  becomes  ossified.  On 
its  under  surface  (fig.  1)  we  notice  a  tubercle,  exactly  in  the  middle 
line,  for  the  attachment  of  the  "  superior  constrictor"  muscle  of  ' 
the  pharynx ;  arid  laterally,  rough  surfaces  for  the  attachment  of 
the  "rectus  capitis  anticus  major"  and  "minor."     On  the  upper  1 
surface  (fig.  2)  of  the  basilar  process  there  is  a  gently  sloping 
groove  (basilar  groove),  which  supports  the  "  medulla  oblongata." 
Understand  that  the  medulla  is  not  in  actual  contact  with  the  bony 
groove :  a  -thin  layer  of  fluid  is  interposed,  which  acts  like  a  water 
bed,  and  protects  this  important  part  of  the  nervous  system  from 
concussion.     On  each  side  of  this  groove  there  is  another,  but 
much  smaller  (petrosal)  groove,  for  the  lodgment  of  the  inferior 
petrosal  sinus*  of  the  brain. 
Occipital  part.        The  broad  arched  part  behind  the  foramen 
magnum  contribxites  to  form  the  arch  of  the  skull- 
cap.   On  the  convex  or  cutaneous  surface,  about  the  middle,  we 
notice  a  rough  prominence,  called  the  "  occipital  protuberance," 
and  from  this  we  trace  down  to  the  foramen  magnum  what  is 
termed  the  "crest"  of  the  occiput,  which  gives  attachment  to  the 
elastic  ligament  (ligamentum  nuch^)  at  the  back  of  the  neck. 
From  this  middle  protuberance  and  crest  we  trace  outwai-ds, 

*        term  "sinus"  is  used  very  vaguely  in  anatomy.    It  means,  generally,  the 
hollow  of  anything.    Thus  the  air  cavities  in  the  bones  of  the  head  are  termed 
smuses.'    When  used  in  reference  to  the  brain,  a  "sinus"  means  a  channel 
formed  by  the  fibrous  membrane  (dura  mater)  of  the  brain,  for  the  return  of  its 
venous  blood. 
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towards  the  borders  of  the  bone,  two  lines  on  either  side,  termed 
the  "  superior  and  inferior  curved  lines."     These  lines,  as  well  as 
the  rough  surfaces  between  them,  are  more  or  less  evident  in 
different  instances,  and  are  nothing  more  than  faint  traces  indi- 
cating the  attachments  of  muscles.     The  precise  attachments  of 
these  muscles  are  mapped  out  on  the  right  side  of  the  drawing ; 
and  in  examining  them,  imderstand,  once  and  for  all,  that  the  blue 
outline  denotes  the  insertion  of  a  muscle;  the  red,  the  oi-igin. 
The  origvn  of  a  muscle  is  the  term  generally  applied  to  its  most 
fixed  attachment;  the  insertion  of  a  muscle  is  the  attachment 
where  the  greatest  motion  is  produced.    However,  it  should  be 
understood  that  the  fixed  point  of  even  the  same  muscle  may  vary 
under  different  circumstances. 

Thus,  the  bone  near  the  superior  curved  line  gives  origin  to 
V,  5  .    the  "  trapezius"  and  the  "  occipito-frontalis,"  and  insertion  to  the 
!  "^-V  "sterno-cleido-mastoideus"  and  splenius  capitis.     The  surface 
'  *  between  the  two  lines  gives  insertion  to  the  complexus.  Below 
q  the  inferior  line  are  the  insertions  of  the  "  rectus  capitis  posticus 
((.major,"  the   "rectus  capitis  posticus  minor,"   and   "  obliquus 
superior." 

Condyles  and       The  articular  processes  of  the  occipital  bone, 
condyloid  fora-    called  the  "  condyles,"  are  placed  one  on  either  side 
-  of  the  foramen  magnum.    They  are  oblong  and 

convex,  with  their  anterior  ends  converging.  Moreover,  they  slant' 
so  that  their  inner  margins  are  lower  than  their  outer;  and  thus 
they  are  admirably  adapted  to  fit  into  the  "cups"  of  the  atlas. 
Owing  to  this  beautiful  arrangement,  and  the  strength  of  the  hga- 
ments,  dislocation  of  the  head  from  the  atlas  is  exceedingly  rare. 
Further  than  this,  by  comparing  the  two  bones,  you  will  find  that 
the  condyles  of  the  occiput  are  much  longer  than  the  cups  which 
receive  them,  in  order  to  permit  the  backward  and  forward  motion 
of  the  head.  On  the  inner  side  of  each  condyle  there  is  a  rough 
surface  or  tubercle,  for  the  attachment  of  the  "check  ligaments,' 
which  prevent  the  head  from  turning  beyond  a  certain  distance. 
Outside  each  condyle  is  the  "anterior  condyloid  foramen."  The 
direction  of  this  foramen  is  outwards  and  forwards,  and  it  gives 
passage  to  the  great  motor  nerve  (hypoglossal)  of  the  tongue. 
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Immediately  above  tlie  "anterior  condyloid  foramen,"  or  canal, 
as  it  should  be  called,  there  is  a  heaping-up  of  bone,  which  we 
term  the  «  eminentia  innominata."  It  looks  like  a  strong  bony 
bridge  over  the  canal,  and  is.  obviously  for  the  purpose  of  strength- 
ening the  base  of  the  skull  just  over  the  condyle,  after  the  manner 
of  a  flying  arch.  It  is,  in  truth,  the  pedicle  of  the  neural  arch  of 
the  occipital  vertebra,  as  one  may  easily  demonstrate  in  the  foetal 
skull.  Behind  each  condyle  there  is  a  deep  depression  or  "fossa," 
at  the  bottom  of  which  we  find  the  "  posterior  condyloid  fora- 
men."* The  fossa  in  question,  by  making  room  for  the  cups  of 
the  atlas,  enables  us  to  move  our  heads  further  backwards  than  we 
otherwise  could  have  done ;  and  the  foramen  at  the  bottom  of  it  is 
the  opening  of  a  canal  which  runs  horizontally  forwards  into  the 
"groove  for  the  lateral  sinus"  (fig.  2),  and  transmits  a  vein  from 
the  ovitside  to  the  inside  of  the  skull. 

Immediately  external  to  the  condyles,  the  bone  forms  on  each 
side  a  projection,  termed  the  "jugular  eminence."!  On  its  under 
surface  (fig.  1)  there  is  a  roughness  for  the  insertion  of  the  "rectus  /  I, 
capitis  laterahs."  On  its  upper  or  cerebral  surface  there  is  a  deep 
"groove  for  the  lateral  sinus,"  one  of  the  large  venous  canals 
which  return  the  blood  from  the  brain.  Trace  this  groove  for- 
wards, and  you  will  observe  that  it  turns  suddenly  downwards,  so 
as  to  form  a  kind  of  gulf  (sometimes  termed  the  "jugular  fossa"), 
which  lodges  the  commencement  of  the  internal  jugular  vein.  By 
looking  at  the  base  of  the  skull  (Plate  XVII.)  you  will  further 


*  In  some  skulls  there  are  no  "posterior  condyloid  foramina."  In  fifty  skulls 
which  I  have  examined  I  find  them  more  frequently  present  than  absent.  Either  the 
right  or  the  left  foramen  may  be  absent. 

t  In  very  few  skulls,  there  projects  fi-om  the  lower  surface  of  the.  jugular  eminence 
a  more  or  less  prominent  tubercle,  the  '■  paroccipital  tubercle."  It  is  a  rudiment  of  a 
transverse  process.  It  is  quite  a  deviation  from  the  human  type,  but  is  very  con- 
stantly developed  in  the  mammalian  series.  There  is  a  good  specimen  of  the  tubercle 
in  question  in  the  Hunterian  Museum  (No.  5531),  in  a  skull  from  an  aboriginal  of 
one  of  the  Philippine  Islands.  The  tubercle  is  even  longer  than  the  mastoid  process, 
and  presents  an  articular  surface  for  joining  its  homotype,  the  diapophysis  of  the 
atlas.  There  is  a  similar  tubercle  in  a  skull  in  the  Museum  of  St.  Bartholomew's 
Hospital.  There  are  also  two  specimens  of  it  in  the  Museum  of  Anatomy  in  llichmond 
Street,  Dublin.  ^ 
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observe,  that  it  contributes,  witb  the  petrous  part  of  the  temporal 
bone,  to  form  the  "  foramen  lacerum  posterius." 
Cerebral  surface.  On  the  concave  or  cerebral  surface  (fig,  2)  we 
observe  two  thick  ridges  of  bone,  crossing  each 
other,  —  the  one  vertical,  the  other  horizontal :  both  are  more  or  less 
deeply  grooved,  for  the  sinuses  of  the  brain.  The  groove  of  the 
vertical  ridge  contains  the  "  superior  longitudinal  sinus  "  above,  and 
the  "  occipital  sinxis "  below  the  crossing.  Near  the  foramen 
magnum,  the  groove  for  the  occipital  sinus  generally  subdivides 
into  two  smaller  ones,  which  gradually  lose  themselves  around  its 
margin.  The  groove  of  the  horizontal  ridge  contains  the  great 
"  lateral  sinus."  By  referring  to  Plate  XVII.  we  may  trace  this 
great  groove  in  its  winding  course  along  the  occipital,  part  of  the 
parietal  and  temporal  bones,  till  it  is  lost  at  the  "  foramen  lacerum 
posterius."  It  is  seldom  that  the  grooves  for  the  lateral  sinuses 
are  equal  in  size  on  both  sides  of  the  skull :  the  difference 
depends  upon  the  relative  size  of  the  branches  of  the  superior  lon- 
gitudinal sinus.  Grenerally,  the  larger  branch  of  this  sinus  is  to 
the  right :  hence  the  right  lateral  sinus  is  more  frequently  larger 
than  the  le:^; ;  and  hence,  too,  the  larger  size  of  the  right  internal 
jugular  vein.  Besides  being  grooved  for  the  sinuses,  it  is  necessary 
to  know  that  the  ridges  give  attachment  to  processes  of  the  dura 
mater,  for  the  support  of  the  lobes  of  the  brain.  The  horizontal 
ridge  gives  attachment  to  the  "  tentorium  cerebelli,"  the  longitu- 
dinal ridge  to  the  "  falx  cerebri  "  above,  and  the  "  falx  cerebeili  " 
below  the  crossing. 

At  the  point  where  the  ridges  cross  each  other,  there  is  a  heap- 
ing-up  of  bone,  termed  the  "internal  occipital  protuberance." 
This  is  by  far  the  strongest  part  of  the  bone,  and  is  obviously  so  for 
the  purpose  of  protecting  the  back  of  the  cranium ;  besides  which, 
it  may  be  mentioned  that  at  this  protuberance  no  less  than  six 
sinuses*  of  the  brain  meet. 

The  interval  between  the  ridges  is  excavated,  so  as  to  make  four 
"  fossffi  "  for  the  lobes  of  the  brain, — the  two  upper  for  the  poste- 

*  These  sinuses  are  the  superior  longitudinal,  the  two  lateral,  the  two  occipital, 
and  the  straight. 
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rior  lobes  of  the  cerebrum,  the  two  lower  for  the  lateral,  lobes  of 
the  cerebellum.  That  this  is  so  is  plainly  seen  from  the  impres- 
sions made  by  the  convolutions  of  the  brain.  By  holding  the  bone 
np  to  the  light,  you  will  see  how  thin  are  the  walls  of  the  fossa 
for  the  cerebellum,  this  being  sufficiently  protected  by  the  mass  of 
muscles  at  the  back  of  the  neck. 

The  occipital  bone  is  connected  to  the  two  parietal  bones  by  a 
remarkably  serrated  suture;  also  to  the  two  temporal,  and  the 
sphenoid  bones.  The  sutures  are  simply  named  after  the  bones 
which  they  connect :  for,  instance,  we  speak  of  the  "  occipito- 
parietal" suture,  the  "  petro-occipital,"  the  "  occipito-mastoid," 
and  the  "  spheno-occipital."  All  these  connections  are  well 
serrated,  except  that  between  the  basilar  process  and  the  petrous 
bone.  These  are  miited  by  an  intervening  layer  of  cartilage, 
which  rarely  ossifies  even  in  advanced  age.  The  object  of  this 
cartilage  is  to  break  shocks  transmitted  from  below,  i.e.  from  the 
top  of  the  spine.    It  is  a  kind  of  buffer  at  the  base  of  the  skull. 

The  occipital  bone  is  developed  from  four  distinct  centres, — one 
for  the  basilar  part,  one  for  the  occipital,  and  one  for  each  condy- 
loid part.  They  all  meet  to  form  the  foramen  magnum,  and  all 
are  distinct  at  birth.  These  several  elements  are  well  seen  in 
Plate  LII.  fig.  1. 


PAEIETAL  BONE. 
(Plate  IV.) 

This  broad  and  roof-like  bone  is  so  named  from  its  forming  so 
much  of  the  wall  of  the  skull-cap.  With  its  fellow  of  the  opposite 
side  it  makes  a  beautiful  arch  for  the  protection  of  the  brain. 
It  is  convex  on  one  surface,  concave  on  the  other,  and  is  somewliat 
square.  On  the  outer  or  convex  surface  (fig.  1)  we  notice  the 
"  parietal  eminence."  This  is  the  centre  from  which  the  bone  was 
developed,  and  is  the  thickest  part,  being  the  most  exposed  to 
injury.  Below  the  eminence  is  a  curved  line,  termed  the  "  temporal 
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ridge,"  which  gives  attachment  to  part  of  the  "temporal  aponeu- 
rosis." The  surface  below  this  line  forms  part  of  the  "  temporal 
fossa/'  which  gives  origin  to  the  "temporal  muscle."  The  four 
angles  of  the  bone  are  called,  respectively,  the  "  anterior  superior," 
the  "anterior  inferior,"  the  " posterior  superior,"  and  "posterior 
inferior." 

Its  cerebral  surface  (fig.  2)  is  marked  by  the  convolutions  of  the 
brain,  but  chiefly  by  grooves  formed  by  the  ramifications  of  the 
"  middle  meningeal  artery."  Observe  that  the  trimk  groove  runs 
along  the  anterior  inferior  angle :  hence  the  greater  liability  to 
effusion  of  blood  in  this  situation  ;  hence  also  the  risk  of  trephining 
here.  Along  the  border  where  the  two  bones  of  opposite  sides 
unite — that  is,  in  the  middle  line  of  the  skull — there  is  the  half 
groove  for  the  longitudinal  sinus,  the  other  half  being  completed 
by  the  opposite  bone.  Near  this  border  there  is  the  "parietal 
foramen"*  (fig.  1),  which  transmits  a  vein  from  the  outside  of  the 
head  into  the  longitudinal  sinus.  In  the  skulls  of  aged  persons 
there  are  irregular  depressions  formed  by  the  "Pacchionian  glands" 
near  the  longitudinal  sinus.  Lastly,  at  the  posterior  inferior  angle 
there  is  a  trace  of  the  "  groove  for  the  lateral  sinus." 

The  parietal  bone  is  connected  by  sutures  with  five  bones 
(Plate  XX.  a),  as  follows : — ^With  the  opposite  parietal  bone,  by 
the  interparietal  or  sagittal  suture ;  with  the  frontal  bone,  by  the 
fronto-parietal  or  coronal  suture ;  with  the  sphenoid  bone,  by  the 
spheno-parietal  suture ;  with  the  temporal  bone,  by  the  temporo- 
parietal or  squamous  suture;  with  the  occipital  bone,  by  the 
occipito-parietal  Or  lambdoid  suture.  "We  must  not  fail  to  notice 
the  beautiful  arrangement  of  the  sutures  of  the  parietal  bone : 
the  sutural  edges  are  beveled  on  alternate  sides,  so  that  the  bone 
cannot  be  driven  in  without  previous  fracture. 

It  is  developed  from  one  centre,  which  makes  its  appearance  at 
the  parietal  eminence. 

*  This  hole  sometimes  transmits  a  small  branch  of  the  temporal  ai'tery  through  tlie 
skull-cap  to  the  dura  mater.  There  may  be  two  foramina  on  one  side';  or  there  may 
not  be  one. 
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TRONTAL  BONE. 
(Plate  V.) 

The  situation  of  the  frontal  bone  is  implied  by  its  name.  As  it 
forms  not  only  the  forehead,  but  also  the  roof  of  the  orbits,  we 
naturally  divide  it  into  a  "frontal  plate"  and  an  "orbital." 

Frontal  plate.  The  "  frontal  plate"  is  smooth  and  convex,  and 
gives  breadth  and  height  to  the  forehead.  We 
observe,  first,  the  two  "  frontal  eminences,"  one  on  each  side, 
familiarly  called  the  "bumps"  of  the  forehead.  They  are  the  two 
centres  from  which  the  bone  was  originally  formed,  and  their  greater 
or  less  prominence  indicates  to  a  certain  extent  the  amount  of 
brain  behind  them.  Not  so  the  two  projections  lower  down,  termed 
the  "  superciliary  ridges :"  these  have  nothing  to  do  with  the  brain, 
but  are.  occasioned  by  air-cavities  termed  the  "frontal  cells"  or 
"sinuses,"  situated  between' the  two  "tables"  of  the  skulh  And 
here  it  may  be  as  well  to  mention,  that  the  cap  of  the  skull  consists 
of  two  layers  of  compact  bone,  called,  respectively,  the  outer  and 
inner  tables  of  the  skull,  and  separated  by  an  intermediate  can- 
cellous tissue  termed  the  "diploe."  We  shall  allude  to  the 
advantage  of  this  structure  hereafter  ;  meantime  we  will  merely 
observe  that  the  frontal  cells  are  formed  by  the  separation  of  these 
tables.  To  see  the  extent  of  the  cells,  one  ought  to  make  vertical 
sections  as  shown  in  Plate  XV. 

Points  of  inter-  Let  US  pause  for  a  moment  to  consider  one  or 
est  concerning  the  two  points  of  interest  about  the  frontal  sinuses, 
ron  a  sinuses.  They  communicate  freely  with  each  nostril 

through  a  canal  termed  the  "infundibulum"  (fig.  2)  ;  ■  therefore  it 
is  possible  for  insects  to  reach  them.*  Blumenbach  mentions  the 
case  of  a  lady  who  had  a  kind  of  wood-louse  (Scolopendra 
electrica)  for  a  whole  year  in  one  of  her  frontal  cells.    It  gave  her 


*  Uistoire  de  PAcadeniie  des  Sciences,  1708,  1733. 
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intense  pain,  and  was  expelled  at  last,  alive,  during  a  fit  of  sneezing. 
It  is  by  no  means  uncommon  to  find  the  larvae  of  insects  in  the 
frontal  cells  of  animals.  Sir  C.  Bell  states  that  a  man,  having 
slept  in  barns,  was  afflicted  with  pains  in  the  forehead,  which  were 
relieved  after  he  had  discharged  from  his  nose  a  worm  belonging 
to  that  class  which  spoils  the  corn.  2.  As  they  aye  lined  by  a 
continuation  of  the  same  mucous  membrane  which  lines  all  the 
other  passages  of  the  nose,  we  have  a  ready  explanation  of  the 
aching  pain  in  the  forehead  in  cases  of  influenza,  or  a  common 
head  cold.  3.  In  cases  of  fracture  of  the  base  of  the  skull 
involving  the  walls  of  the  cells,  it  is  possible  for  fragments  of  the 
brain  to  escape  from  the  nose.  The  author  has  seen  a  case  of  this 
kind  where  the  patient  recovered  without  any  permanent  ill  effects 
except  partial  loss  of  smell.  4.  If  the  outer  wall  of  the  cells  be 
injured  by  violence  or  disease,  the  air,  in  sneezing  or  coughing,  is 
liable  to  escape  under  the  skin  of  the  forehead,  and  give  rise  to 
"  emphysema."*  5.  We  ought  never  to  apply  a  trephine  over 
them.  6.  Their  use  is,  not  only  to  lighten  the  skull,  but  to  help 
the  resonance  of  the  voice.  They  are  not  developed  till  the  age 
of  puberty,  and  progressively  increase  in  size  afterwards.  In  some 
tribes — for  instance,  in  Australians — according  to  Professor  Owen, 
they  are  never  fully  developed  ;  and  hence  arises  a  certain  want  of 
resonance  for  which  their  voice  is  remarkable.f  Lastly,  even  in 
Europeans,  as  common  observation  proves,  their  size  and  extent 
vary  exceedingly.  A  good  idea  may  be  formed  of  their  size  in 
some  persons,  by  the  fact  that  they  may  lodge  a  musket  ball.  Mr. 
Gruthrie  states  that  a  soldier  was  wounded  at  the  battle  of  Talavera, 
by  a  ball  which  struck  him  on  the  forehead  and  lodged  in  the 
frontal  sinus.  It  was  readily  removed  by  enlarging  the  opening, 
and  the  man  recovered.  The  author  has  seen  a  case  precisely 
similar,  in  a  soldier  who  was  wounded  in  the  Crimea.  The  sinuses 
are  commonly  separated  by  a  bony  partition,  often  incomplete. 

*  Ilyrtl  (Topog.  Anatomie)  mentions  the  case  of  a  boy  who  was  kicked  by  a  horse 
on  the  forehead,  so  that  the  frontal  cells  were  exposed.  There  resulted  a  fistulous 
opening,  through  which,  when  the  nose  was  held,  he  could  blow  out  a  candle. 

t  On  this  subject  see  an  excellent  work  by  Amman,  De  Loquela,  written  in 
1700. 
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Their  range  may  extend  even  more  than  half  way  up  the  forehead*, 
and  backwards  for  an  inch  or  more  along  the  orbital  plate  of  the 
bone.  Sometimes  one  sinns  is  larger  than  the  other,  and  conse- 
quently the  bump  on  one  side  of  the  forehead  may  naturally  be 
more  prominent  than  that  on  the  other,  which  is  worth  knowing. 
The  obvious  .conclusion  from  all  this  is,  that  the  "bumps"  on  the 
forehead  mapped  out  in  this  situation  by  phrenologists,  under  the 
heads  of  "  Locality,"  "  Form,"  "  Time,"  "  Size,"  &c.,  do  not  neces- 
sarily coincide  with  any  convolutions  of  the  brain. 

The  margin  of  the  orbit,  termed  the  "  supra-orbital  arch,"  is 
composed  of  thick  and  strong  bone, — as  is,  indeed,  the  entire  cir- 
cumference of  the  orbit.  But  the  "  internal  and  external  angular 
processes" — in  other  and  better  words,  the  piers  of  the  arch — are 
remarkably  strong,  because  they  form  buttresses  for  its  support. 
Near  the  inner  third  of  the  arch  Ve  remark  the  "supra-orbital 
foramen,"  or  it  may  be  a  "notch"  for  the  transmission  of  the 
frontal  nerve  and  artery.  It  is  this,  nerve  which  is  affected  in 
"brow  ague."  At  the  external  angular  process  we  notice  the 
starting-point  of  the  "temporal  ridge,"  to  which  the  temporal 
aponeurosis  is  attached  (Plate  XIV.  fig.  2) ;  and  just  below  this  is 
a  little  surface  of  bone  which  contributes  to  form  the  "  temporal 
fossa"  for  the  origin  of  the  temporal  muscle. 
Cerebral  surface.  On  its  cerebral  surface  (Plate  V.  fig.  2)  we  ob- 
serve that  the  "frontal  plate"  is  concave,  and 
mapped  out  by  the  convolutions  of  the  brain  and  arterial f  grooves. 
In  the  middle  line  is  the  groove  for  the  commencement  of  the 
longitudinal  sinus.  Tracing  the  groove  downwards,  we  observe  that 
its  margins  gradually  approximate,  and  lead  to  a  small  hole,  the 
"foramen  caecum."^  Though  called  "blind,"  it  generally  transmits 

*  It  is  the  enormous  size  of  these  air-cavities  which  makes  the  high  forehead  of  the 
elephant,  the  owl,  &c.  The  head  of  the  old  elephant  in  the  Hunterian  Museum  was 
riddled  with  baUs  before  they  could  hit  the  brain.  The  proper  place  to  aim  at  in 
this  ammal  is  in  the  hollow  just  above  the  root  of  the  nose ;  here  the  case  of  the 
bram  is  not  much  thicker  than  a  shilling. 

t  The  anterior  meningeal  artery,  which  is  a  branch  of  the  ophthalmic,  and  ramifi- 
cations from  the  middle  meningeal  artery,  on  either  side. 

t  The  foramen  caicum  sometimes  leads  into  the  frontal  sinus,  sometimes  directly 
into  the  nose ;  or  it  may  open  on  the  posterior  or  anterior  surface  of  the  nasal  bones. 
1  have  seen  it  transmit  a  small  artery. 
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a  small  vein  from  the  frontal  cells  into  the  longitudinal  sinus ;  and 
this  is  one  of  the  anatomical  reasons  assigned  why  bleeding  from 
the  nose  relieves  congestion  of  the  brain,  and  why  the  old  practi- 
tioners were  in  the  habit  of  leeching  the  nose. 

Very  often  the  margins  of  the  groove  for  the  longitudinal  sinus 
coalesce,  so  as  to  form  a  small  ridge,  before  they  reach  the  foramen 
caecum.  In  any  case,  they  give  attachment  to  a  perpendicular  fold 
of  the  dura  mater  (termed  from  its  shape  the  "falx  cerebri"), 
which  separates  the  hemispheres  of  the  brain.  In  the  feline  race  of 
animals,  e.  g.  tigers  and  cats,  this  partition  is  bony  instead  of  mem- 
branous. Therefore  when  we  happen  to  see  a  frontal  bone  with  a 
well-marked  ridge  along  the  beginning  of  the  longitudinal  groove, 
it  is  but  the  extra-ossification  of  part  of  a  membrane  which  in  some 
animals  is  entirely  ossified. 

Orbital  plates.  The  "orbital  plates"  (Plate  V.  fig.  2)  extend 
nearly  horizontally  backwards,  and  form  at  once  a 
concave  roof  for  the  orbit,  and  a  part  of  the  floor  of  the  cranium. 
Hold  them  tip  to  the  light,  and  you  will  observe  how  thin  they  are. 
In  cases  of  extreme  old  age,  when  the  diploe  of  the  skull  becomes 
absorbed,  it  often  happens  that  the  orbital  plates  have  large  holes 
in  them.  At  any  time  of  life  their  thinness  renders  them  liable  to 
be  perforated  by  sharp  instruments  thrust  into  the  orbit;  and 
wounds  of  the  brain  from  such  accidents  are  sometimes  met  with. 
Sir  C.  Bell  speaks  of  a  young  man  having  been  killed  by  the  thrust 
of  a  foil  which  had  lost  its  guard,  and  which  passed  through  the  orbital 
plate  into  the  brain.  Their  «  cerebral  surface"  is  slightly  convex, 
and  generally  ridged  and  furrowed  by  the  impressions  of  the  brain.* 
Their  lower  surface  is  concave,  more  especially  near  the  external 
angular  process,  where  there  is  a  deep  depression  ("lachrymal 
fossa")  for  the  lodgment  of  the  lachrymal  gland.    Again,  near 'the 

♦  The  orbital  plates  of  the  frontal  bone  are  more  or  less  arched  in  different  skulls. 
Of  course  the  more  they  are  arched  the  more  they  encroach  on  the  cranial  space,  and 
therefore  the  less  room  there  is  for  the  anterior  lobes  of  the  brain.  Compare  the 
skull  of  a  monkey  with  that  of  man,  and  you  will  obser^-e  a  marked  difference. 

Phrenologists  place  the  organ  of  language  in  that  part  of  the  brain  winch  rests  on 
the  orbital  plates,  and  say  that  the  gift  of  language  is  denoted  by  prominent  eyes 
the  prominence  of  the  eye  being  occasioned,  they  say,  by  the  depression  of  the  orbital 
plate  in  consequence  of  the  great  development  of  the  organ  of  language. 
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internal  angular  process  there  is  the  trace  of  a  slight  depression, 
indicating  the  attachment  of  the  cartilaginous  pulley  of  the  "  supe- 
rior oblique muscle  of  the  eye. 

The  orbital  plates  are  separated  by  a  wide  gap,  called  the 
"  ethmoidal  notch,"  because  it  receives  the  cribriform  plate  of  the 
ethmoid  bone,  which  here  fits  into  the  base  of  the  skull  (Plate 
XVII.).  On  each  side  of  the  broken  margins  of  the  notch,  we 
observe  incomplete  cells  with  thin  walls.  These  cells  correspond 
with,  and  are  closed  by,  the  ethmoidal  cells  (Plate  IX.  fig.  2). 
However,  the  largest  cell  of  all  is  in  the  front ;  and  this,  as  seen  in 
Plate  V.  fig.  2,  leads  into  the  frontal  sinus.  All  of  them  are  filled 
with  air,  and  lined  by  the  mucous  membrane  of  the  nose.  At  the 
front  part  of  the  notch,  we  observe  the  "  nasal  spine  "  of  the  frontal 
bone.  This  perpendicular  projection — which,  by  the  way,  is  gene- 
rally broken  off  in  taking  the  skull  to  pieces — serves  to  support  the 
proper  nasal  bones  (Plate  XV.  fig.  1),  and  also  helps  to  form  the 
septum  of  the  nose,  by  uniting  with  the  perpendicular  plate  of  the 
ethmoid  bone.  On  either  side  of  it  is  a  little  groove  which  forms 
part  of  the  roof  of  the  nose  (Plate  V.  fig.  1).  Immediately  in 
front  of  the  nasal  spine  is  the  jagged  surface  which  receives  the 
nasal  bones,  and  the  nasal  process  of  the  superior  maxillary  bone 
(Plate  XIII.  fig.  2).  Lastly,  along  the  broken  margin  of  the 
ethmoidal  notch,  we  notice  two  canals  which,  with  the  ethmoid 
bone,  form  the  "  anterior  and  posterior  orbital  foramina  "  *  for  the 
passage  of  nerves  and  arteries  from  the  orbit  into  the  nose. 

The  frontal  is  connected  to  the  two  parietal  bones  by  the  fronto- 
parietal or  coronal  suture  (Plate  XX.  a,  fig.  2).  Concerning  this 
suture,  we  must  not  omit  to  observe  how  admirably  it  locks  the 
bones  together,  and  provides  for  the  security  of  the  arch  of  the 
skull.  The  margin  of  the  frontal -bone  is  beveled  at  the  expense  of 
its  inner  table  above,  but  of  its  outer  table  below ;  and  the  parietal 
bone  is  adapted  accordingly.  Its  external  angular  process  is  con- 
nected to  the  malar  bone ;  its  internal  angular  process,  to  the  nasal 
bone  and  nasal  process  of  the  superior  maxillary.    Its  orbital  plate 


*  The  anterior  transmits  the  "  nasal  "  branch  of  the  opluhalmic  nerve  and  artery ; 
the  posterior,  the  ethmoidal  artery  and  vein. 
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is  connected  to  the  sphenoid,  ethmoid,  and  lachrymal  bones.  In 
all,  then,  there  are  twelve ;  of  which  two — namely,  the  sphenoid  and 
ethmoid — are  single  bones. 

The  frontal  bone  is  developed  from  two  centres,  one  on  each  side, 
in  the  situation  of  the  frontal  eminence.  These  lateral  halves  unite 
and  form  a  vertical  suture  down  the  middle  of  the  forehead,  termed 
the  "  frontal "  suture  ;  so  that  in  children  the  two  halves  of  the  bone 
are  easily  separated.  In  manhood  the  traces  of  this  suture  most 
frequently  disappear.* 

The  frontal  bone  gives  attachment  to  three  muscles ;  namely,  to 
.  part  of  the  "  temporal,"  part  of  the  "  orbicularis  oculi,"  and  the 
"  corrugator  supercilii." 


TEMPORAL  BONE. 
(Plate  VI.) 

This  bone  occupies  the  temples.  It  is  a  complicated  bone,  even 
on  the  outside ;  much  more  so  in  its  interior,  because  it  contains 
the  organ  of  hearing.  At  present  we  will  confine  ourselves  to  the 
description  of  all  that  can  be  seen  on  its  outer  surface ;  and  to 
facilitate  this,  we  divide  it  into  three  parts,— a  squavious  portion, 
situated  in  the  temple ;  a  mastoid,  forming  the  little  projection 
behind  the  ear;  and  a  petrous,  which  contains  the  organ  of 
hearing,  and  projects  like  a  wedge  into  the  base  of  the  skuU. 
This  division  is  natural  as  well  as  convenient,  since  each  of  these 
parts  is  developed  from  a  separate  centre  of  ossification,  and  re- 
mains for  some  time  distinct  in  childhood.  Add  to  which,  they 
represent  permanently  distinct  bones  in  some  of  the  lower  animals. 

Squamous  por-  The  squamous  portion,  named  from  its  scale-like 
tion.  appearance,  forms  part  of  the  wall  of  the  temple. 

*  Dr  Leach  and  others,  who  have  examined  the  immense  collection  of  crania  in  the 
Catacombs  at  Paris,  have  remarked  that  the  number  of  adult  skulls  m  which  the 
frontal  suture  remained  unobliterated  was  about  one  in  eleven. 
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It  is  very  thin :  hence  the  danger  of  a  blow  here.  Its  outer  surface 
is  smooth,  and  entirely  covered  by  the  temporal  muscle,  to  which 
it  gives  origin.  Its  inner  surface  is  marked  by  the  convolutions  of 
the  brain,  and  likewise  by  a .  narrow  groove  which  sweeps,  in  a 
curved  direction,  from  before  backwards,  and  indicates  the  course 
of  the  middle  meningeal  artery  (Plate  VL  fig.  2). 

At  the  lower  part  of  the  squamous  portion  there  is  an  outgrowth, 
of  bone,  termed  the  "zygoma"  (J^vymfia,  a  bolt  or  bar).    It  pro- 
jects horizontally  forwards,  and  is  connected  by  a  strongly  serrated 
suture  with  a  similar  projection  from  the  malar  bone ;  so  that  the 
two  together  form  an  arch  ("zygomatic  arch"),  beneath,  which 
the  temporal  muscle  plays  (Plate  XIV.  fig.  2).     The  base  of  the 
zygoma  is  very  broad,  and  appears  to  spring  from  two  roots, — an 
anterior  and  a  posterior :  in  the  space  between  them  is  the  "  glenoid 
cavity,"  which  forms  the  socket  for  the  lower  jaw.     The  posterior 
root  (or  supra-mastoid  ridge)  runs  backwards  in  the  same  line  with 
the  zygoma,  and  forms  the  upper  boundary  of  the  glenoid  cavity : 
after  that,  we  trace  it  over  the  meatus  auditorius  externus,  and 
then  it  gradually  fades  away,  marking  the  line  of  separation 
between  the  squamous  and  the  mastoid  divisions  of  the  bone.  In 
the  negro  race,  this  supra-mastoid  ridge  is  strongly  marked,  and  is 
characteristic  of  a  degraded  type  of  skull.    The  anterior  root  is 
the  main  root  of  the  two :  it  is  very  broad  and  strong,  and  runs 
transversely  inwards  to  form  the  fi:ont  boundary  of  the  glenoid 
cavity.    It  is  called  the  "eminentia  articularis."     This  is  crusted 
with  cartilage  in  the  recent  state,  in  order  to  form  additional 
surface  for  the  play  of  the  jaw.    Under  ordinary  circumstances, 
the  "condyles,"  or  hinges  of  the  jaw,  are  in  the  socket  of  the 
glenoid  cavity;  but  when  the  mouth  is  open  wide,  the  condyles 
slide  forwards  out  of  the  socket,  and  come  to  play  on  the  articular 
emmences.    In  immoderate  fits  of,  laughter  or  of  yawning,  when 
the  mouth  IS  opened  wide,  the  condyles  may  be  suddenly  dragged 
by  the  muscles  even  in  front  of  the  articular  eminences  ;  and  then 
we  have  a  dislocation  of  the  jaw  into  the  zygomatic  fossa.  Under 
such  circumstances  a  person  presents  a  very  ridiculous  appearance, 
s.nce  the  mouth  remains  wide  open  until  the  dislocation  is  reduced. 
At  the  base  of  the  zygoma  we  notice  a  little  tubercle  ("tubercle  of 
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the  zygoma"),  whicli  serves  for  the  attachment  of  the  external 
lateral  ligament  of  the  lower  jaw.  Lastly,  the  upper  edge  of  the 
zygoma  gives  attachment  to  the  temporal  aponeurosis ;  the  lower 
edge  gives  origin  to  the  masseter  muscle. 

The  "glenoid  cavity"  {^\-nvrj,  a  socket),  or  socket  for  the  lower 
jaw,  is  oval,  concave  from  before  backwards,  with  the  long  diameter 
transverse,  or  nearly  so.    At  the  bottom  of  it  we  notice  a  fissure, 
termed  the  "fissura  Glaseri,"  or  "glenoid  fissure,"  which  is  the 
remains  of  the  original  separation  between  the  squamous  and 
petrous  portions  of  the  bone.    The  part  in  front  of  the  fissure  is 
the  proper  socket  for  the  jaw :  the  part  behind  it  has  nothing  to 
do  with  the  jaw,  but  contains  a  lobe  of  the  parotid  or  saUvary 
crland.    If  you  pass  a  bristle  up  the  fissure,  you  will  find  that 
it  leads  to  the  tympanum  of  the  ear.*     Between  the  glenoid 
cavity  and  the  meatus  auditorius,  there  is  a  slight  process  which 
affords  support  to  the  lower  jaw,  and  guards  against  dislocation 
backwards.     This  "  post  glenoid  process  "  is  generally  weU  marked 
in  African  skulls,  and  always  so  in  the  Chimpanzee,  the  ammai 
which  makes  the  nearest  approach  to  man. 

portion.       The  "  mastoid  portion"  is  so  called  because 

forms  the  piece  of  bone  behind  the  ear  termed 
the  mastoid  "  process"  (^uo-ro,,  a  nipple).  One  of  the  purposes  of 
this  process  is  to  give  insertion  and  greater  leverage  to  some  of  the 
musolest  which  move  the  head  round.  These,  as  seen  m  Plate  VI. 
fiK  1,  are  Ukewise  inserted  into  the  rough  surface  above  and  behmd 
the  mastoid  process.  It  a  secti6n  be  made  through  the  process 
itself,  we  shall  find  that  it  is  not  a  solid  lump  of  bone,  but  hoUowed 
in  the  interior  by  a  number  of  large  and  freely  con— mg 
cells,  termed -"mastoid  cells,"  which  open  into  the  back  of 
the  tympanum.  These  cells,  like  the  tympanum  .WM  contem 
ZrI2,  which  is  admitted  from  the  hinder  part  of  the  nostrrls 

tho    irachdo-mastokW   Bcnmh  .11  to.  muscte  ll>«  occ.p.uJ  artcrj  run 
bock  of  tho  taad,  alo«s  •         S""™  ^"^ 


TEMPORAL  liONE. 


67 


through  "the  Eustachian  tube."  They  not  only  make  the  bone 
lighter,  but  are  also  useful  to  the  sense  of  hearing,  by  allowing 
more  space  for  the  vibration  of  the  air.  Like  the  frontal  cells, 
and  indeed  all  the  air-cells  in  the  bones  of  the  skull,  they  are  not 
developed  till  towards  the  age  of  puberty.  In  cases  of  deafness 
arising  from  obliteration  of  the  Eustachiain  tube,  it  was  formerly 
the  practice  to  make  an  opening  into  the  mastoid  cells,  in  order  to 
admit  free  access  of  air  into  the  tympanum.  The  success  attending 
this  proceeding  induced  Just  Berger,  physician  to  the  King  of 
Denmark,  to  have  the  operation  done  upon  himself;  but  he  died 
twelve  days  afterwards  from  extension  of  inflammation  to  the 
membranes  of  the  brain;  and  the  death  of  this  illustrious  man 
brought  the  operation  into  disrepute.  Just  internal  to  the  mastoid 
process  there  is  a  deep  fossa,  termed  the  "  digastric  fossa,"  because 
the  "  digastric"  muscle  arises  there.  Behind  the  process  there  is 
a  hole,  called  the  "mastoid  foramen,"  through  which  a  vein  runs 
from  the  outside  of  the  head  directly  into  the  lateral  sinus.  This 
gives  us  a  ready  explanation  why  leeches,  applied  behind  the  ears, 
relieve  congestion  of  the  brain.  Lastly,  on  the  cerebral  aspect  of 
the  mastoid  portion,  all  we  have  to  notice  is  the  "  groove  for  the 
lateral  sinus." 

Pexsous  portion.  The  "  petrous  portion "  derives  its  name  from 
the  hardness  of  its  constituent  bone  (m-sTpos,  a  rock). 
It  projects  horizontally  into  the  base  of  the  skull  (Plate  XVII.),  so 
as  to  carry  far  out  of  harm's  way  the  delicate  organ  which  it  con- 
tains. Its  shape  is  somewhat  that  of  a  triangular  pyramid  with  the 
apex  inwards ;  so  that,  for  descriptive  purposes,  it  may  conveniently 
be  divided  into  three  surfaces,— an  anterior,  a  posterior,  and  an 
inferior:  then  there  is  a  base  and  an  apex.  Our  best  plan  is  to 
learn  each  of  these  parts  separately,  so  that  we  may  be  able  to 
answer  the  question,  what  is  seen  on  the  anterior,  what  on  the 
posterior  surface,  and  so  forth.    Take  the  base  first. 

At  the  base  of  the  petrous  portion  is  the  orifice  of  the  passage  to. 
the  ear,  termed  the  "  meatus  auditorius  externus."  It  is  situated 
immediately  behind  the  glenoid  cavity,  and  its  boundaries  are 
chiefly  formed  by  a  curved  plate  of  bone,  termed  the  "processus 
auditorius."    Observe,  first,  that  the  edge  of  it  is  very  jagged,  for 
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the  attachment  of  the  cartilage  of  the  ear;  and  then  look  carefully 
down  the  passage,  in  order  to  see  that  the  plate  we  are  speaking  of 
forms  by  far  the  greater  part  of  its  boundary  wall ;  in  short,  all 
round,  except  at  the  uppermost  part.  This  inspection  will  probably 
suggest  that  the  whole  plate  is  something  superadded  to  the  rest 
of°the  bone,— a  sort  of  after-growth ;  which  is  precisely  the  case.  In 
the  foetus  there  is  no  meatus,  but  simply  a  ring  of  bone*,  forming 
three-fourths  of  a  circle,  the  deficiency  being  at  the  upper  part. 
This  ring  is  ossified  independently,  quite  distinct  from  the  other 
parts,  and  is  specially  intended  for  the  attachment  of  the  drum  of 
the  ear  (membrana  tympani);  so  that  at  this  early  period  it  might 
be  rudely  compared  to  a  hoop  with  a  membrane  stretched  across  it 
(Plate  XX.  a,  fig.  5).    In  process  of  time,  however,  the  hoop  begins 
to  grow  out  on  its  external  side,  and  thus  transforms  itself  into  the 
canal  or  meatus,  which,  as  it  becomes  longer,  gradually  coalesces 
with  the  other  constituents  of  the  bone.    Eespecting  the  shape  of 
the  passage,  we  should  observe  that  it  is  oval,  with  the  long  dia- 
meter nearly  vertical;  therefore  all  specula  for  examining  the  ear 
ouo-ht  to  be  of  the  same  shape.  The  narrowest  part  of  the  passage, 
in°the  recent  state,  is  about  the  middle;  hence  if  a  foreign  body, 
such  as  a  pea,  happen  to  get  into  the  ear,  it  is  generally  pushed 
throu-h  the  nai-row  part  by  clumsy  efforts  to  extract  it,  and  then 
the  moisture  of  the  ear  causes  it  to  swell,  and  makes  its  extraction 
most  difficult  and  painful.  Mr.  Wilde  f  mentions  the  case  of  a  boy, 
eight  years  of  age,  into  whose  ear  one  of  his  schoolfellows  thrust  a 
grain  of  Indian  corn.    The  schoolmaster,  in  his  wisdom,  endea- 
voured to  remove  it  by  attaching  a  piece  of  wax  to  the  end  of  a 
stick,  and  thrusting  it  into  the  passage.    Four  days  afterwards,  the 
boy  was  brought,  with  his  ear  in  a  state  of  acute  inflammation,  to 
Mr  Wilde,  who  eventually  succeeded  in  extracting  the  gi-am  by 
means  of  a  "curette,"  with  the  point  bent  to  a  right  angle.  The 
.rain  of  corn  had  increased  to  one  third  more  than  its  natural  size. 

The  anterior  surface  (Plate  VII.  fig.  2)  of  the  petrous  portion 
forms  part  of  the  fossa  for  the  lodgment  of  the  middle  lobe  of  the 

*  In  many  animals  this  remains  permanently  a  distinct  bone,  ^mder  the  name  of 
the  "  tympanic  bone." 

f  Aural  Surgery,  page  179. 
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brain,  and  is  more  or  less  marked  by  its  convolutions.  About  the 
middle  of  it  there  is  a  little  eminence,  indicating  the  position  of 
the  "  superior  semicircular  canal "  (a  part  of  the  internal  ear). 
More  forwards,  there  is  a  small  furrow  leading  to  an  opening 
termed  the  "  hiatus  Fallopii,"  which  transmits  the  Vidian  nerve. 
Immediately  to  the  outer  side  of  this  is  a  smaller  furrow  and 
opening,  for  the  passage  of  the  "  lesser  petrosal  nerve."  Near  the 
apex  is  a  depression  for  the  "  Grasserian  ganglion."  Lastly,  just 
at  the  angle  where  the  squamous  and  petrous  portions  meet 
(Plate  VII.  fig.  1),  you  will  observe  two  tubes  running  backwards 
parallel  to  each  other,  like  a  double-barrel  gun  (Plate  VII.  fig.  1)  : 
they  both  lead  to  the  tympanum.  The  upper  of  the  two  is  the 
canal  for  the  "  tensor  tympani "  muscle ;  the  lower,  which  is  by  far 
the  larger,  is  the  Eustachian  tube,  or  passage  which  conducts  the 
air  from  the  pharynx  to  the  tympanum.  The  thin  partition  sepa- 
rating the  two  barrels  is  called  the  "  processus  cochleariformis." 

The  posteHor  surface  of  the  petrous  portion  forms  part  of  the 
posterior  fossa  of  the  base  of  the  skull  (Plate  XVII.).  The  most 
prominent  object  upon  it  is  the  "  meatus  auditorius  intemus " 
(Plate  VI.  fig.  2),  a  large  canal  which  runs  nearly  horizontally 
outwards,  and  transmits  the  "  seventh  pair  of  nerves ;  that  is,  the 
proper  auditory  nerve  (portio  mollis),  and  the  motor  nerve  of  the 
face  (portio  dura).  The  meatus  is  much  larger  than  the  nerves 
which  it  transmits,  and  the  space  between  them  and  the  bony  canal 
is  filled  by  a  watery  fluid  (cerebro-spinal  fluid),  which  supports  the 
most  vital  parts  of  the  base  of  the  brain.  In  fractures  through 
the  base  of  the  skull  involving  the  meatus,  this  fluid  sometimes 
oozes  out  through  the  external  ear :  this,  therefore,  is  regarded  as 
a  very  dangerous  symptom  in  cases  of  injuries  to  the  head.  Look- 
ing to  the  very  bottom  of  the  meatus,  we  find  that  it  is  divided  by 
a  smaU  ridge  of  bone  into  two  unequal  parts.  In  the  upper  and 
smaller  of  the  two,  there  is  the  commencement  of  a  special  canal 
(aqufeductus  Fallopii)  for  the  motor  nerve  of  the  face ;  in  the  lower 
there  are  several  minute  apertures  arranged  in  a  spiral  form, 
through  which  the  fibres  of  the  auditory  nerve  reach  the  internal 
ear.  Behind  the  meatus  is  a  slit-like  opening  termed  the  "  aqiiw- 
cluctus  vestibuli."    This,  though  apparently  of  considerable  size, 
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soon  contracts  so  mncli  that  it  will  barely  admit  a  small  bristle.  It 
leads  to  the  vestibule  of  the  internal  ear.  Immediately  below  the 
meatus  there  is  a  conical  pit,  which  is  tolerably  wide  at  first,  but 
soon  contracts  to  a  minute  canal,  leading  to  the  cochlea,  termed 
the  " aqumductus  cochlece"  The  particular  use  of  these  minute 
"aqueducts"  leading  to  the  internal  ear  is  not  known:  but  it  is 
certain  they  sometimes  transmit  small  blood-vessels. 

The  inferior  surface  of  the  petrous  portion  presents  a  broken 
and  irregular  aspect,  and  has  many  holes  in  it  (Plate  VII.  fig.  1). 
Beginning  near  the  base,  we  observe,  first,  the  "  styloid  process."* 
This  is  a  long  process  which  descends  with  a  slight  iaclination  for- 
wards, gradually  tapering  to  a  sharp  point.    Its  length  varies  in 
different  sktiUs;  generally  it  is  about  one  inch  long.    In  old  skulls 
it  is  sometimes  longer :  there  is  a  skull  in  the  Museum  of  St.  Bar- 
tholomew's Hospital  which  has  a  styloid  process  three  inches  long. 
Its  use  is  to  give  origin  to  three  muscles  and  two  ligaments.  The 
muscles  are  for  the  movement  of  the  tongue  and  pharynx;  they 
arise  as  follows:  — the  "  stylo-pharyngeus,"  from  the  base;  the 
"  stylo-hyoideus,"  from  the  middle;  and  the  " stylo-glossus,"  from 
near  the  tip  of  the  process  (Plate  VI.  fig.  1).,   To  the  tip  itself  is 
attached  the  "stylo-hyoid  ligament,"  which  runs  downwards  and 
forwards  to  the  os-hyoides.    In  cases  where  the  styloid  process  is 
unusually  long,  it  is  nothing  more  than  ossification  of  this  ligament. 
The  other  ligament  attached  to  the  process  is  the  «  stylo-maxHlary," 
which  separates  the  submaxillary  from  the  parotid  gland.  Lastly, 
the  fore  part  ,  of  the  root  of  the  styloid  process  is  surrounded  by  a 
kind  of  bony  sheath,  termed  the  "vaginal  process,"  about  which 
there  is  nothing  to  be  remarked  except  that  it  is  a  continuation  of 
the  plate  of  bone  which  forms  the  hinder  part  of  the  glenoid 
cavity. 

Between  the  mastoid  and  styloid  processes  there  is  a  hole  termed 
the  "  stylo-mastoid  foramen"  (Plate  VII.  fig.  1).  It  gives  exit  to 
the  facial  nerve  (portio  dura),  which  entered  the  bone  at  the  bottom 
of  the  meatus  auditorius  internus,  and  lets  a  small  artery  run  m  to 

•  So  called  from  its  resemblance  to  an  ancient  «  style,"  or  pen.   It  is,  originally, 
distinct  torn  the  rest  of  the  bone,  but  gradually  coalesces  with  it  about  the  age  of 
,   three  years.    In  animals  it  remains  a  pemanently  d.stmct  bone. 
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supply  the  tympanum.  Now  if  you  introduce  a  stiff  bristle  into 
the  hole,  you  will  probably  succeed  in  passing  it  through  the  bony 
canal  traversed  by  the  nerve  from  its  entrance  to  its  exit.  The 
canal  is  a  complete  tube  of  bone,  and  is  called  the  "  aquseductus 
Fallopii  *  after  the  anatomist  who  first  described  it.  The  pas- 
sage of  this  nerve  through  the  temporal  bone  renders  it  liable  to 
be  injured  in  fractures  of  the  base  of  the  skull,  or  in  disease  of  the 
ear;  and  this  explains  why  we  sometimes  have  paralysis  of  one 
side  of  the  face  under  these  circumstances. 

On  the  inner  side  of  the  stylo-mastoid  foramen  we  find  a  deep 
depression  termed  the  "jugular  fossa."  This,  with  a  correspond- 
ing part  of  the  occipital  bone,  forms  the  "  foramen  lacerum  poste- 
rius "  (Plate  XVIII.).  Here  the  lateral  sinus  pours  its  blood  into 
the  commencement  of  the  internal  jugular  vein,  which  forms  a 
great  bulge  to  fill  the  fossa.  Here  also  the  eighth  pair  of  nerves 
leaves  the  skull.  On  the  outer  wall  of  the  jugular  fossa,  near  the 
root  of  the  styloid  process,  we  may  find  the  minute  foramen  for 
"  Arnold's  nerve."  In  front  of  the  jugular  fossa  there  is  the  large 
circular  commencement  of  the  canal  in  the  petrous  bone,  through 
which  the  carotid  artery  enters  the  skull  ("  carotid  canal ").  Ob- 
sei-ve  that  the  canal  mounts  nearly  perpendicularly  for  a  short 
distance,  and  then,  turning  horizontally  forwards  and  upwards, 
emerges  at  the  apex  of  the  bone.  On  the  plate  of  bone  which 
separates  the  jugular  fossa  from  the  carotid  canal,  there  is  a  minute 
foramen  for  "  Jacobson's  nerve."  f  Near  the  apex  there  is  a  rough 
surface  which  gives  origin  to  the  "  tensor  tympani "  and  "  levator 
palati"  muscles.  The  apex  itself  presents  nothing  more  than 
the  termination  of  the  carotid  canal,  and  helps  to  form  one  of  the 
boundaries  of  the  ragged  hole  at  the  base  of  the  skull,  termed  the 
"  foramen  lacerum  medium  "  (Plate  XVIIL). 

Along  the  upper  angle  of  the  petrous  portion  we  .  remark  the 
groove  for  the  "superior  petrosal  sinus,"  which  discharges  itself 
into  the  lateral  sinus.  The  neighbourhood  of  these  venous  chan- 
nels to  the  cavity  of  the  tympanum  explains  why  bleeding  from 

*  Pallopius  was  a  distinguished  Italian  anatomist,  b.  1523,  d.  1563. 
t  Arnold's  nerve  is  a  branch  of  the  pneumo-gastric ;  Jacobson's  nerve  a  branch  of 
the  glosso-pharyngeal. 
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the  ear  is  sometimes  met  with  in  fractures  running  through  the 
petrous  portion  of  the  temporal  bone. 

Connections  of  the  The  squamous  portion  of  the  temporal  bone  is 
temporal  bone.  connected  to  the  parietal  bone  and  the  great  wing 
of  the  sphenoid  bone  by  the  "  temporo-parietal  and  temporo- 
sphenoid  sutures,"  concerning  which  the  following  mechanism  must 
be  remembered;  namely,  that  the  squamous  part  overlaps  the 
parietal  above,  but  is  itself  overlapped  by  the  sphenoid  below, — an 
arrangement  which  greatly  contributes  to  the  security  of  the  arch 
of  the  skull.  The  mastoid  part  is  connected  above  to  the  inferior 
angle  of  the  parietal  by  the  "  masto-parietal "  suture,  and  behind 
to  the  occipital  by  the  "  masto-occipital "  suture.  The  petrous  part 
is  wedged  into  the  base  of  the  skull  between  the  sphenoid  and 
■occipital  bones  (Plate  XVII.  or  XVIII.).  The  zygomatic  pro- 
cess is  connected  to  the  malar  bone  by  a  strong  suture. 

Development  of  The  temporal  bone  is  developed  from  five  cen- 
■the  temporal  bone.  ^^^^  ossification;  namely,  one  for  each  of  the 
following  parts: — the  squamous,  the  mastoid,  the  petrous,  the 
tympanic,  or  processus  auditorius,  and  the  styloid  process.  These 
remain  permanently  distinct  bones  in  the  lower  animals ;  and  it  is 
worthy  of  remark,  that  even  in  the  human  subject  traces  of  the 
union  of  all  are  visible  even  in  advanced  age.  The  most  curious 
development  is  that  of  the  tympanic  part,  which,  from  being 
nearly  a  simple  ring  of  bone  in  the  fcstus,  channelled  inside  for  the 
attachment  of  the  membrana  tympani,  eventually  grows  out  so  as 
to  form  the  meatus  auditorius.  In  the  foetus,  the  mastoid  part  is 
very  small,  and  gradually  enlarges  towards  puberty  by  the  forma- 
tion of  the  mastoid  cells.  The  styloid  part  is  for  a  long  time 
cartilaginous  after  birth,  and  ossifies  slowly  with  age. 
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SPHENOID  BONE. 
(Plates  VIII.  IX.) 

The  sphenoid  bone  is  so  called  because  it  is  wedged  in  at  the 
base  of  the  skull  between  all  the  other  bones  of  the  cranium 
{acjifjv,  a  wedge,  fZSoy,  form).  As  it  not  only  enters  into  the  for- 
mation of  the  base  of  the  skull,  the  orbits,  the  temples,  and  the 
nasal  passages,  but  is  also  connected  with ,  all  the  bones  of  the 
cranium,  and  many  of  those  of  the  face,  one  cannot  be  surprised 
that  it  is  a  difficult  bone  to  understand.  Fortunately,  it  bears  a 
remarkable  resemblance  to  a  bat  with  extended  wings,  so  that  we 
can  shape  our  description  of  it  accordingly.  It  presents,  then  — 
1,  a  body,  or  central  part;  2,  the  two  greater  wings;  3,  the  two 
lesser  wings ;  4,  the  pterygoid  processes,  which  make  the  two  legs 
of  the  bat. 

Body.  Commencing  with  the  body,  we  must  describe 

foiir  surfaces  on  it,  —  a  "superior,"  an  "inferior," 
an  "anterior,"  and  a  "posterior." 

The  superior  siu:face  of  the  body  (Plate  VIII.  fig.  1)  comprises 
what  is  seen  of  the  body  on  the  inside  of  the  base  of  the  skull. 
There  is  a  deep  depression  in  it,  termed  the  "  pituitary  fossa^"  for 
the  lodgment  of  a  gland  belonging  to  the  brain  (the  "  pituitary " 
gland*).  Another  very  common  name  given  to  it  is  the  "sella 
turcica,"  from  its  resemblance  to  a  Turkish  saddle.  In  front 
of  it  there  is  an  eminence  like  the  pommel  of  the  saddle,  termed 
the  "  olivary  process,"  from  its  olive-like  shape.  There  is  nothing 
remarkable  in  this  process  except  that  it  supports  the  commissure 
of  the  optic  nerves,  which  make  a  slight  transverse  groove  (th6 
"optic  groove")  upon  it,  leading  on  each  side  to  the  "optic 


*  This  namo  was  given  to  it  by  Galen,  who  thought  that  it  secreted  the  "  pituita," 
or  mucus,  and  that  this  passed  down  into  the  throat  through  the  small  foramina 
which  are  often  found  at  the  bottom  of  the  fossa  (Dc  usu  partium,  lib.  ix.  cap.  1). 
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foramen,"  through  which  they  enter  the  orbit.  In  front  of  the 
olivary  process  there  is  a  smooth  and  slightly  excavated  surface, 
which  supports  the  olfactory  nerves,  and  terminates  in  the  middle 
line  in  the  "  ethmoidal  spine,"  which  articulates  with  the  ethmoid 
bone. 

Each  side  of  the  "body"  is  more  or  less  distinctly  marked  by  a 
broad  groove  which  winds  upwards  in  a  gentle  curve,  and  lodges  the 
internal  carotid  artery  after  it  has  entered  the  skull*  The  pituitary 
fossa  is  boimded  behind  by  a  square  plate  of  bone,  which,  as  it 
represents  the  back  of  the  saddle,  is  termed  the  "  dorsum  ephippii." 
The  corners  of  this  plate  project  so  as  to  form  what  are  called  the 
"  posterior  clinoid  processes," — ^thus  named  from  their  resemblance 
to  bed-posts.  These  are  directly  opposite  to  the  "  anterior  clinoid 
processes,"  of  which  we  shall  speak  presently.  The  posterior 
surface  of  the  plate'  slopes  very  obliquely  backwards,  is  continuous 
with  the  basilar  groove  of  the  occipital  bone,  and  forms  an  inclined 
plane  for  the  support  of  the  "  pons  Varolii."  Lastly,  the  sides  of 
the  plate  are  generally  notched  for  the  passage  of  the  sixth  pair  of 
nerves. 

The  posterior  surface  of  the  body  is  immovably  connected  with 
the  basilar  process  of  the  occipital  bone,  in  young  subjects  by  carti- 
lage, but  in  adults  by  bone,  so  that  it  is  impossible  to  separate  them 
without  the  saw.  The  section  shows  well  the  structure  of  this  part 
of  the  base  of  the  skull ;  namely,  two  plates  of  compact  bone 
separated  by  about  of  an  inch  of  cancellous  tissue  or  "  diploe." 
Thus  the  bone  is  rendered  lighter,  and  shocks  transmitted  to  the 
base  of  the  skull  are  broken  (Plate  11.  a).- 

The  anterior  surface  of  the  body  is  adapted  to  fit  the  posterior 
part  of  the  ethmoid  bone.  It  presents  in  the  middle  line  a 
perpendicular  plate  of  bone  termed  the  "rostrum."  This  forms 
part  of  the  bony  septum  of  the  nose,  and  is,  accordingly,  con- 
nected in  front  with  the  perpendicular  plate  of  the  ethmoid  bone, 

*  Generally,  a  little  tubercle,  called  the  "  middle  clinoid  process,"  rises  from  the 
side  of  the  groove  to  keep  the  artery  in  its  place.    In  some  skulls  this  tubercle  is 
■long  enough  to  unite  with  the  apex  of  the  anterior  clinoid  process,  so  that  the  arterj', 
in  emerging  from  the  groove,  passes  through  a  ring  of  bone.    The  two  "  clinoid  pro- 
cesses "  on  each  side  give  attachment  to  the  "  tentorium  cerebelli." 
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and  below  with  the  vomer;  as  may  be  seen  by  reference  to  Plate 
XV.  fig.  1.  The  surface  of  bone  on  each  side  of  the  rostrum  is 
completed  by  two  plates  of  bone,  one  on  each  side,  termed  the 
"cormia  sphenoidalia."  Although  apparently  integral  parts  of 
the  sphenoid,  yet  these  little  bones  are  formed  each  from  a  spe- 
cial centre  of  ossification,  axe  distinct  in  early  life,  and  remam 
separable  till  adult  age.  The  annexed  woodcut  (fig.  8)  shows 
the  "  cornua  sphenoidalia"  removed  in  a  per-  piQ.  g, 

feet  state.    The  rostrum  of  the  sphenoid  would 
fit  into  the  gap  between  them.    We  observe 
that  each  cornu  is  triangular  with  the  apex 
downwards.     Each  completely  walls  in  the- 
sphenoidal  cell  of  its  own  side,  except  at  the 
upper  part,  where  there  is  a  round  opening  in 
the  base  of  the  cornu  for  the  admission  of  air 
from  the  upper  meatus  of  the  nose.     Fig.  9  represents  one  of 
the  cornua.  seen  from  the  surface  towards  the  sphe- 
noidal cell.    It  shows  the  thin  scales  of  bone  which 
project  into  the  cell  and  assist  in  Hning  its  walls. 
However,  it  is  right  to  state  that  these  cornua 
sphenoidalia  are  rarely  met  with  perfect.    In  con- 
sequence of  their  coalescence  with  the  sphenoid, 
ethmoid,  and  palate  bones,  they  are  generally 
broken  in  separating  the  bones  of  the  skull,  so 
that  there  appears  in  most  sphenoid  bones  a  large  irregular 
hole  leading  into  the  sinus ;  as  shown  on  one  side  of  Plate  VIIL 
fig.  2. 

We  come  next  to  examine  the  "  sphenoidal  sinuses"  themselves. 
These  are  large  air-cavities  in  the  body  of  the  sphenoid,  generally 
two  in  number,  and  separated  by  a  more  or  less  complete  perpen- 
dicular partition  (Plate  XV.  figs.  1  and  2).  Like  the  other  air- 
cells  in  the  bones  of  the  skull,  they  are  not  developed  in  young 
subjects  ;  but  in  the  adult  they  gradually  become  large  enough  to 
excavate  the  whole  body  of  the  bone.*    As  just  now  observed,  the 


Tig.  9. 


*  In  old  skulls  the  sinns  often  extends  into  part  of  the  basilar  process  of  the 
occipital  bone.  In  the  chimpanzee  the  sphenoidal  sinus  extends  far  into  the  ali- 
sphenoid  and  pterygoid  bOnes. 
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air  is  admitted  freely  into  them  from  the  upper  and  back  part  of 
each  nostril,  through  an  opening  in  the  front  wall  of  the  sinus ; 
and  they  are  lined  with  a  prolongation  from  the  mucous  membrane 
of  the  nose.  This  communication  of  the  sphenoidal  cells  with  the 
nasal  cavities  explains  why  we  may  have  bleeding  from  the  nose  as 
a  symptom  of  fracture  through  the  base  of  the  skull, — that  is, 
through  the  body  of  the  sphenoid. 

Lastly,  the  sides  of  the  anterior  surface  of  the  body  are  hol- 
lowed out  into  two  or  three  small  air-cells,  one  below  the  other 
(Plate  VIII.  fig.  2).  Of  these,  the  upper,  one  or  more,  are  roofed 
in  by  corresponding  cells  of  the  ethmoid  bone,  and  the  lower  by  a 
corresponding  cell  in  the  orbital  process  of  the  palate  bone. 

The  inferior  surface  (Plate  IX.  fig.  1)  looks  towards  the  upper 
part  of  the  throat,  and  may,  therefore,  be  called  the  "guttm-al" 
surface.  A  portion  of  the  vertical  plate  or  "  rostrum  "  is  seen  here 
also  ;  and  you  will  observe  that  it  expands  a  little  towards  its  base. 
Jfow  it  is  this  lower  part  of  the  rostrum  which  is  connected  with 
the  vomer,  and  the  mode  of  connection  is  rather  singular.  The 
rostrum  fits  into  a  deep  cleft  between  the  two  plates  or  "  wings"  of 
the  vomer,  and  thus  serves  as  a  fulcrum  from  which  this  bone  may 
pass  forwards  to -form  the  septum  of  the  nose.  But  the  chief 
thing  to  be  noticed  on  this  surface  is  a  thin  plate  or  offshoot  of 
bone  which  projects  horizontally  inwards,  on  each  side,  from  the 
base  of  the  pterygoid  process.  These  two  plates  are  termed  the 
"  vaginal  processes,"  and  their  free  edges  rise  just  enough  to  allow 
the  edges  of  the  vomer  to  slide  beneath  them  (Plate  IX.  fig.  1). 
This  is  another  contrivance  for  fixing  the  vomer.  Lastly,  these 
plates  are  each  traversed  by  a  small  groove,  or  perhaps  a  complete 
canal,  termed  the  "  pterygo-palatine  canal,"  for  the  transmission  of 
a  small  artery.* 

So  much  for  the  anterior,  posterior,  superior,  and  inferior  sur- 
faces of  the  body  of  the  sphenoid.  All  that  we  have  to  remark 
concerning  the  "sides''  of  the  body  is,  that  they  are  grooved  for 


*  The  pterygo-palatine  canal  transmits  the  pterygo-palatine  artery.  This  is  a  br 
of  the  superior  maxillary,  and  runs  from  before  backwards  to.  supply  the  top  ol 
pharynx  and  the  Eustachian  tube. 
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the  carotid  artery,  and  that  the  smooth  plate  of  the  body  in  front 
of  the  sphenoidal  fissure  contributes  to  form  a  part  of  the  inner 
wall  of  the  orbit  (Plate  XX.). 
Lesser  Wings.      The  lesser  wings  project  transversely  from  the 
upper  part  of  each  side  of  the  body  (Plate  VIII. 
fiff.  1).    Their  upper  surface  is  smooth  and  flat,  to  support  the 
anterior  lobes  of  the  brain;  their  lower  surface  overhangs  the 
sphenoidal  fissure,  and  forms  the  back  part  of  the  roof  of  the 
orbit:  hence  they  are  sometimes  called  the  "orbital  wings." 
Their  base  is  traversed  by  the  "  foramen  opticum,"  for  the  passage 
of  the  optic  nerve  and  ophthalmic  artery  into  the  orbit.  This 
foramen  should  be  described  rather  as  a  short  canal  directed  out- 
wards and  forwards.    Towards  the  sella  turcica  each  wing  projects 
considerably  in  the  form  of  a  blunt  angle,  termed  the  "  anterior 
clinoid  process :"  and  between  this  and  the  body  of  the  sphenoid 
there  is  either  a  deep  notch  or  a  complete  ring  for  the  internal 
carotid  artery. 

Greater         The  "greater   wings,"   sometimes  called  the 
Wings.        « temporal,"  project  from  the  lower  part  of  each  side 
of  the  body.    They  present  three  surfaces,  which  respectively  enter 
into  the  formation  of  the  base  of  the  cranium,  the  orbit,  and  the 
temple.    Their  "  cerebral  surface  "  is  concave,  and  marked  by  the 
convolutions  of  the  middle  lobe  of  the  brain.    Their  "  orbital 
surface  "  is  a  smooth  quadrilateral  plate  which  forms  more  than  half 
of  the  outer  wall  of  the  orbit  (Pl^e  XIII.  fig.  2).    Of  the  four 
borders  of  this  plate  you  will  notice  !<that  the  superior  is  connected 
with  the  frontal  bone,  and  the  anterior  with  the  malar  bone ;  while 
the  posterior  and  the  inferior  borders  respectively  enter  into  the 
formation  of  the  "  sphenoidal "  and  t"  spheno-maxillary  "  fissures. 
Their  "  temporal  surface "  is  divided  into  two  unequal  parts  by  a 
transverse  "  crest "  of  bone :  of  these,  the  upper  tod  larger  one  forms 
part  of  the  temporal  fossa,  and  gives  origin  to  part  of  the  temporal 
muscle :  the  lower  one  forms  part  of  the  zygomatic  fossa,  and  gives 
origin  to  one  head  of  the  "  pterygoideus  externus  "  muscle.  The 
posterior  angle  of  the  great  wing  terminates  in  a  sharp  process 
termed  the  "  spinous  process,"  which  fitsjjrthe-fuaffl^bctween  the 
squainciuf3--ftHti--T^m^  of  th&  temporal  bone,  and  gives 
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attacliment  to  the  internal  lateral  ligainent_of  the  lower  jaw^as  well 
as  origin  to  the  "Ifliyn.tior  tyTnpn.ni  "  muscle. 

The  greater  wings  are  separated  from  the  lesser  by  a  broad  and 
long  fissure,  termed  the  "  sphenoidal  fissure,"  which  leads  from  the 
base  of  the  skull  into  the  orbit,  and  transmits  nerves  to  the  eye 
and  its  appendages.*  Immediately  below  the  inner  end  of  this 
fissure  is  the  "  foramen  rotundum,"  which  transmits  the  superior 


\  maxillary  nerve.    Farther  back  and  more  external  is  the  "  foramen 

^^^'^'w^'f^^.^^^^jjfjVale,"  which  transmits  the  inferior  maxillary  nerv^.  ,  Near  the 

process  ^ 
)^jt5^-*^i  (?^''''^"  arteria  mening 


'^"'^^^^^^^^^.^spinous  process  is  the  "foramen  spinosum,"  through  which  the 
j\ti>-^  0^"''^" arteria  meningea  media"  enters  the  skuU.f 


'  Pterygoid  pro-       The  "pterygoid  processes"  descend  nearly  per- 

cesses.  pendicularly  from  the  under  part  of  the  bone, — one 

on  either  side.  These  remarkable  processes  answer  three  pur- 
poses : — 1.  They  bound  the  posterior  opening  of  the  nose  ;  2.  They 
act  as  buttresses  to  support  the  upper  jaw-bones;  3.  They  give 
origin  to  the  powerful  pterygoid  muscles  which  produce  the  grind- 
ing movement  of  the  lower  jaw  required  for  the  mastication  of  the 
food.  Each  process  consists  of  two  plates,  termed  respectively 
the  "  external  and  internal  pterygoid  plates."  These  are  united  in 
front,  but  diverge  from  each  other  behind,  so  as  to  leave  a  deep 
interval,  called  the  "pterygoid  fossa,"  chiefly  for  the  origin  of 
the  "  pterygoideus  internus  "  muscle.  Immediately,  above  this  is  a 
smaller  fossa,  termed,  from  its  resemblance  to  a  boat,  the  "  scaphoid 
fossa,"  for  the  origin  of  the  "  tensor  palati "  muscle  (Plate  IX. 
fig.  1).  At  its  lower  part  the  pterygoid  fossa  presents  a  deep 
notch,  which,  in  the  perfect  skull,  is  filled  up  by  the  tuberosity  of 
the  palate  bone.  Eespecting  the  vnternal  pterygoid  plate,  we  have 
to  observe,  that  it  forms  the  lateral  boundary  of  the  posterior  open- 


*  The  sphenoidal  fissure,  sometimes  called  the  ", orbital,"  or,  again,  the  "foramen 
lacerum  in  basis  cranii  anterius,"  qive3_  passage  t&  the  thiKyuidJbiuikaem^^  the 

first  branch  o.£jJbjLl£th,JllO^  '^"'^ 
to  the  ophthalmic  vein. 

t  BesicresTTieforamina  in  the  greater  wing  described  in  the  text,  there  is  often  one 
(near  the  outer  edge  of  the  sphenoidal  fissure)  which  leads  into  the  orbit,  and  trans- 
mits a  branch  of  the  middle  meningeal  artery.  There  is  often  another  (between  the 
foramen  spinosum  and  ovale),  through  which  the  lesser  petrosal  nerve  runs,  when  it 
does  not,  pass  through  the  foramen  lacerum  medium. 
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„^  of  the  nose ;  that  it  has  a  crescent-shaped  margin  above,  to 
make  room  for  the  cartilage  of  the  Eustachian  tube;  and  that 
below  it  terminates  in  a  pointed  hook,  termed  the  "hamular 
process,"  which  makes  a  beautiful  pulley,  round  which  the  tendon 
of  the  tensor  palati  turns.  There  is  nothing  to  remark  about  the 
external  pterygoid  plate,  beyond  the  fact  that  its  outer  surface 
forms  the  floor  of  the  zygomatic  fossa,  and  gives  origin  to  the 
"  pterygoideus  externus"  muscle.  Lastly,  at  the  base  of  the  ptery- 
goid processes,  a  long  canal,  the  "pterygoid"  or  "Vidian,"  runs  from 
before  backwards  through  the  substance  of  the  bone,  and  transmits 
the  Vidian  *  nerve  ,and  artery. 

Look  now  at  the  anterior  aspect  of  the  pterygoid  processes,  and 
you  will  observe,  on  each  side,  a  plate  of  bone,  standing  off  like  a 
side  buttress  to  connect  them  with  the  greater  wing.  The  plane 
of  this  plate  forms  a  smooth  surface,  termed  the  "  spheno-maxillary," 
and  nearly  corresponds  in  direction  with  that  of  the  "  orbital  sur- 
face "  of  the  greater  "wing  (Plate  VIII.  fig.  2).  We  draw  special 
attention  to  this  plate,  and  give  it  a  special  name,  because  it  con- 
stitutes the  superior  waU  of  a  deep  and  important  fossa,  termed 
the  "spheno-maxillary,"  which,  in  the  perfect  skull,  intervenes 
between  the  sphenoid  and  superior  maxillary  bones. 

Connections  of  The  connections  of  the  sphenoid  bone  cannot  well 
the  sphenoid.  \)q  imderstood  without  a  general  knowledge  of  the 
bones  of  the  head.  It  is  joined  to  all  the  bones  of  the  cranium, 
and  to  five  of  those  of  the  face.  The  "  body  "  is  connected  behind 
with  the  occipital  bone,  and  in  front  with  the  ethmoid  bone,  the 
two  palate  bones,  and  the  vomer.  The  "  lesser  wing  "  is  connected 
to  the  orbital  plate  of  the  frontal  bone:  the  "greater  wing"  is 
coimected  to  the  orbital  plate  of  the  frontal  by  a  rugged  surface 
of  considerable  extent;  to  the  anterior  inferior  angle  of  the  parietal 
bone :  to  the  squamous  and  petrous  parts  of  the  temporal  bone ; 
and  to  the  malar  bone.  Lastly,  the  pterygoid  processes  axe  con- 
nected with  the  palate  bones.  -  ' 

,  In  the  foetus,  the  sphenoid  bone  is  divided  into  two  parts.  The 
posterior,  comprising  the  sella  turcica  and  the  greater  wings,  is 


ViduB  Vidius  was  a  professor  at  Paris,  and  physician  to  Francois  I". 
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called  tte  "  temporo-sphenoid ;"  the  anterior,  comprising  tlie  lesser 
wings,  and  that  part  of  the  body  to  which  they  are  attached,  is 
called  the  "  orbito-sphenoid."  Each  of  these  parts  has  three  centres 
of  ossification, —  one  for  the  middle,  and  one  for  each  of  the  wings; 
thus  making  six  centres.  .The  "cornua  sphenoidalia"  have  each 
their  own  centre ;  so  has  each  internal  pterygoid  plate.  In  all, 
then,  there  are  ten  centres.* 


THE    ETHMOID  BONE. 
(Plate  IX.  figs.  2  and  3.) 

This  remarkably  light  and  spongy  bone  contains  the  organ  of 
smell.  It  occupies  the  interval  between  the  orbital  plates  of  the 
frontal  bone,  and  enters  into  the  formation  of  the  cranium,  the 
orbit,  and  the  nose.  It  appears,  at  first  sight,  complicated ;  but,  in 
fact,  it  is  simple  enough  when  one  understands  the  plan  of  it.  It 
consists  of  a  horizontal  plate,  which  forms  part  of  the  base  of  the 
skull ;  of  a  central  perpendicular  plate  which  forms  part  of  the 
septum  of  the  nose,  and  of  two  "  lateral  masses "  containing  the 
air-cells.    Each  of  these  must  be  examined  separately. 

HoKizoNTAL  The  horizontal  plate  fits  into  the  "ethmoidal 
Plate.  notch"  between  the  orbital  plates  of  the  frontal 
bone,  and  completes  the  base  of  the  skull  (Plate  XVII.).  It 
is  called  the  "  cribriform  plate  "  (oribrum,  rjd^ios,  a  sieve),  because 
there  are  so  many  holes  in  it  for  the  passage  of  the  olfactory  nerves. 
High  above  it  rises  a  crest  of  bone,  termed,  from  its  resemblance  to 
a  cock's  comb,  the  "  crista  galli."  This,  which  is  a  continuation  of 
the  perpendicular  'plate,  gradually  rises  sharp  from  behind,  s\yells 
out  as  it  proceeds,  and  stopping  suddenly  short,  presents  a  broken 

*  For  full  information  on  the  development  of  the  sphenoid  bone,  see  Meckel's 
Aixhiv,  B.  1. 
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surface  which  is  connected  to  the  frontal  bone.*  The  cribriform 
plate,  you  will  observe,  does  not  quite  come  up  to  the  level  of  the 
lateral  masses,  but  lies  at  the  bottom  of  a  deep  groove  ("  olfactory- 
groove  "),  which,  with  the  crista  galli  in  the  middle,  and  the  orbital 
plate  of  the  frontal  bone  on  each  side,  forms  in  the  perfect  skull 
two  complete  recesses  adapted  for  the  safe  lodgment  and  support  of 
the  olfactory  lobes  of  the  brain.  The  foramina  at  the  bottom  are 
divided  .on  each  side  into  three  sets  or  rows, — an  outer,  an  inner, 
and  a  middle.  By  passing  bristles  down  these  holes,  you  will  find 
that  the  outer  and  the  inner  rows  lead  respectively  to  the  "  olfactory 
canals "  on  the  perpendicular  plate  and  the  upper  spongy  bones ; 
while  the  middle  holes  nm  simply  through  the  cribriform  plate  f 
(Plate  XV.  figs.  1  and  2).  Close  to  the  crista  galli  there  is  a  long 
"  slit,"  rather  than  a  hole,  which  gives  passage,  not  to  one  of  the 
olfactory  nerves,  but  to  the  "  nasal_nerve "  (a  branch  of  the  first 
division  of  the  fifth  pair),  which  confers  common  sensation  upon 
the  mucous  membrane  of  the  nose. 
Peependiculak  The  perpendicular  plate  descends  from  the 
Plate.  cribriform  plate  to  assist  in  forming  the  septum  of 
the  nose.  We  notice  the  numerous  grooves  and  canals  on  its 
surface,  already  alluded  to,  for  the  passage  of  the  olfactory  nerves. 
Its  connections  are  well  shown  in  Plate  XV.  fig.  1.  Behind,  it  is 
connected  along  a  sloping  line  with  the  "  rostrum  "  of  the  sphenoid 
and  the  vomer :  in  front  it  is  connected  with  the  nasal  spine  of  the 
frontal,  and  the  crest  of  the  two  nasal  bones,  of  which  it  mainly 
serves  to  support  the  arch.  The  triangular  gap  in  the  septum  in 
the  dry  skull  is  filled  up,  in  the  recent  state,  by  the  central 
cartilage  of  the  nose. 

Lateral  The  "lateral  masses"  of  the  ethmoid  (fig.  13) 
llAssEs.  j^g^^jg      q£  irregular  air-celk,  surrounded  by 

paper-like  walls  of  bone  :  hence  they  are  somewhat  happily  called 


*  The  "  crista  galli "  serves  for  the  attaehment  of  the  "  fabc  cerebri."  It  varies  in 
size,  and  has  often  a  slight  lateral  inclination.  Sometimes  it  contams  an  air-cell  in 
its  interior. 

t  These  three  rows  of  holes  correspond  to  the  three  sets  of  olfactory  nerves  : 
namely,  those  that  ramify  on  the  septum,  those  that  ramify  on  the  sponey  bones,  and 
those  that  simply  supply  the  roof  of  the  nose. 

Or 
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the  "labyrinths"  of  the  nose.    The  cells  are  divided  into  two 

sets, — an  anterior  and  a  pos- 
terior; and  the  cells  of  one 
set  do  not  communicate  with 
those  of  the  other.  In  the 
separated  bone  many  of  the 
cells  are  necessarily  broken, 
because  their  walls,  in  the 
perfect  skull,  are  completed 
by  the  adjoining  bones.  Thus, 
the  cells  on  the  upper  surface 
are  roofed  in  by  corresponding 
cells  in  the  orbital  plate  of 
the  frontal :  those  behind  are 
closed  by  the  body  of  the 
sphenoid  and  the  orbital  process  of  the  palate  bone;  those  in 
front  are  walled  in  by  the  lachrymal ;  those  below,  by  the  superior 
maxillary  bone.  On  the  outer  side  of  each  lateral  mass  the  cells 
are  closed  >  by  a  smooth  and  square  plate  of  bone,  termed  the 
"  OS  planum,"  belonging  entirely  to  the  ethmoid.  This  forms  a 
large  share  of  the  inner  wall  of  the  orbit  (Plate  XX.),  where  it  is 
easy  enough  to  learn  its  connections  with  the  surroimding  bones, 
by  tracing  the  sutures  between  them.  In  doing  this,  we  cannot 
fail  to  notice  the  two  notches  on  its  upper  border,  which  con- 
tribute, with  the  frontal,  to  form  the  "anterior  and  posterior  orbital 
foramina." 

Turbinated  Bones.  On  that  surface  of  the  lateral  mass  which  looks 
towards  the  septum,  we  observe  two  thin  plates 
of  bone  standing  out,  one  below  the  other,  and  sHghtly  curled, 
like  a  turbinated  shell.  These  are  the  "  turbinated  "  or  "  spongy  " 
bones  of  the  ethmoid  (Plate  XV.  fig.  2),  and  can  only  be  properly 
seen  in  a  divided  skull.  The  "superior"  is  the  smaller  of  the 
two,  and  does  not  reach  so  far  forward  as  the  other,  which  is 
called  the  " middle,"  because  there  is  a  third  or  " inferior  spongy" 
bone,  still  ,lower  down  in  the  nose;  but  this  does  not  belong  to 
the  ethmoid.  Now  the  spaces  left  between  these  spongy  bonea 
and  the  lateral  masses  are  called,  respectively,  the  superior  and 


rig.  13. 
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middle  "  meatus,"  or  passages  of  the  nose.  Each  is  quite  distinct 
from  the  other,  so  far  as  it  goes,  and  leads  to  its  own  particular 
cavities,  and  to  no  other.  The  superior  meatus,  being  farther  back 
than  the  middle  one,  naturally  leads  into  the  "  sphenoidal  sinus," 
and  also  into  the  "  posterior  ethmoidal  cells  ; "  whereas  the  middle 
meatus  leads  into  the  "  anterior  ethmoidal  cells,"  and  also  to  the 
frontal  cells,  along  a  funnel-shaped  canal  (termed  the  "infundi- 
bulum  ")  which  traverses  the  foremost  of  the  ethmoidal  cells. 

However,  the  great  use  of  the  spongy  bones  is  to  afford  an  addi- 
tional extent  of  surface  for  the  subdivisions  of  the  olfactory  nerves : 
and  to  this  end  their  sm-face  is  studded  with  grooves  s\,nd  canals, 
through  which  the  nerves  come  down  from  the  cribriform  plate 
and  spread  out  upon  the  mucous  membrane.  In  man,  the  arrange- 
mfent  of  these  bones  is  very  simple ;  they  make  only  a  single  curve. 
But  in  animals  remarkable  for  their  sense  of  smell,  one  sees  them 
making  rolls  within  rolls ;  or,  as  is  the  case  in  the  seal,  subdividing 
into  a  multitude  of  plates,  like  the  separated  leaves  of  a  book,  in 
order  to  afford  a  vast  surface  for  the  application  of  the  olfactory 
membrane, — a  surface  which  has  been  calculated  to  be  not  less  than 
120  square  inches  in  each  nostril. 

Lastly,  from  the  anterior  part  of  each  lateral  mass  an  irregular 
plate  of  bone  descends  almost  perpendicularly,  and  terminates  in  a 
kind  of  hook ;  hence  it  is  called  the  "  unciform  *  process  "  (Plate  IX. 
fig.  3).  By  referring  to  Plate  XV.  fig.  2,  it  will  be  seen  tjiat  this 
process  is  connected  more  or  less  with  the  inferior  spongy  bone, 
and  also  with  the  thin  walls  of  the  "antrum"  of  the  superior 
maxillary  bone ;  its  chief  purpose  being  to  assist  in  narrowing  the 
orifice  of  this  great  air-cavity. 

The  ethmoid  is  connected  with  thirteen  bones,  namely, — behind, 
mth  the  sphenoid  and  two  palate  bones ;  above,  with  the  frontal ; 
below,  with  the  two  superior  maxillary ;  and  in  front,  with  'the  two 
lachrymal  bones.  Again,  the  perpendicular  plate  is  connected 
behind  with  the  vomer,  and  in  front  with  the  two  nasal  bones. 
Lastly,  the  unciform  process  on  each  side  is  connected  with  the 
inferior  spongy  bone  and  the  superior  maxillary. 

'  The  "unciform  process"  is  almost  always  broken  in, taking  the  skull  to  pieces ; 
but  It  IS  evident  enough  in  a  good  section  of  the  nasal  cavities. 

O  2 
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Until  the  middle  of  foetal  life  the  ethmoid  is  all  cartilage. 
Ossification  begins  by  a  centre  for  each  of  the  lateral  portions ; 
soon  afterwards  another  centre  appears  in  each  of  the  spongy  bones. 
During  the  first  year  after  birth  the  cribriform  plate  and  the  crista 
galli  ossify,  and  unite  to  the  lateral  masses.  The  perpendicular 
plate  ossifies  last  of  all.  An  arrest  in  the  progressive  ossification 
of  this  plate  occasions  a  "  pug  nose."  In  the  foetus  at  birth  there 
are  no  ethmoid  cells ;  these  are  not  formed  till  the  fifth  or  sixth 
year.  ^ 

BONES  OF  THE  FACE. 

There  are  fourteen  of  these ;  namely,  the  two  superior  maxillary, 
the  two  malar,  the  two  nasal,  the  two  lachrymal,  the  two  inferior 
spongy,  the  two  palate,  the  vomer,  and  the  inferior  maxilla. 


SUPERIOR    MAXILLARY  BONE. 
(Plate  X.) 

This  bone  gives  mixch  of  its  character  to  the  human  face,  and 
forms  the  greater  part  of  its  framework.  It  is  exceedingly  irregular 
in  shape,  and,  besides  formmg  sockets  for  the  teeth,  enters  into  the 
composition  of  the  nose,  the  orbit,  the  cheek,  and  the  palate.  For 
convenience  of  description,  we  divide  it  into  a  "body,"  which  is 
hollowed  otit  into  a  large  .air-cavity,  called  the  "antrum,"  and  four 
outstanding  "processes;"  namely,  the  " alveolar,"  which  holds  the 
teeth;  the  " palatine,"  which ' forms  part  of  the  hard  palate;  the 
"  nasal,"  which  assists  in  forming  the  nose ;  and  the  "  malar,"  which 
helps  to  form  the  prominence  of  the  cheek. 

Walls  of  the  Let  us  take  the  body  first,  and  learn  its  various 
Antrum.  relations  well,  for  it  is  a  part  of  great  surgical 

interest,  being  liable  to  many  diseases  requiring  surgical  operations. 
The  first  thing  to  observe  is,  that  the  walls  which  bound  its  cavity 
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have  four  aspects :  one,  namely  the  front,  looks  towards  the  cheek ; 
another,  namely  the  upper,  looks  towards  the  orbit;  a  third, 
namely  the  inner,  looks  towards  the  nose ;  and  a  fourth,  which  is 
behind,  looks  towards  the  zygomatic  fossa.  Therefore,  when  a 
morbid  growth  forms  in  the  antrum,  and  distends  it,  any  one  or 
more  of  these  walls  may  be  protruded.  They  are  all  very  thin, 
the  orbital  especially;  but  it  is  worth  remembering  that  they  are 
thicker  in  the  child  than  in  the  adult.  . 
Anterior  wall.  The  anterior  wall  of  the  W intrum"  is  that  which 
we  generally  remove  in  order  to  take  out  a  morbid 
growth  from  the  interior,  and  through  which  we  tap  the  antrum  to 
let  out  pus,  or  any  fluid  that  may  have  aiccumulated  there ;  cysts 
in  the  antrum  being  by  no  means  imcommon.  There  is  a  depres- 
sion in  it,  called  the  "canine  fossa;"  and  just  above  this  is  the 
"  infra-orbital  foramen,"  or  termination  of  the  "  infra-orbital  canal," 
which  transmits  the  "  infra-orbital"  yi  ^Ilf^^^^^f^^.-..  The  canine 
fossa  gives  origin  to  the  "  levator  anguli  oris."  Above  the  infra-  j 
orbital  foramen  arises  the  "levator  labii  superioris,"  and  more  |_ 
internally  the  "  compressor  narium."  j  , 

Posterior  wall.        The  posterior  wall  of  the  antrum  is  convex,  and- 
bulges  into  the  zygomatic  fossa.*  There  are  several 

.  small  holes  in  it,  leading  to  canals  ("dental  canals")  for  the  trans- 
mission of  the  posterior  dental  nerves  and  .arteries.  Lower  down 
it  has  a  very  rough  surface,  called  the  "  tuberosity,"  by  which  it  is 
firmly  connected  to  the  palate  bone ;  and  along  the  inner  edge  of 
this  surface  (fig.  2)  is  a  groove,  which,  with  the  perpendicular  plate 
of  the  palate  bone,  forms  the  "posterior  palatine  canal,"  for  the 
passage  of  the  posterior  palatine  i^gjve  n.pd  airtftrv  Cr 
Superior  wall.  Ine  superior  wall  or  roof  of  the  antrum  forms 
the  sloping  floor  of  the  orbit.  Like  the  other  walls 
of  the  antrum,  it  is  thin  enough  to  be  transparent.  The  chief  thing 
to  notice  here  is  the  "infra-orbital  canal,"  for  the  passage  of  the 

r^^^!^^^:^mJ^y^^'  It  commences  behind  as  a  gi-oove,  but 
soon  becomes  a  canal,  which  terminates  on  the  front  wall  of  the 
antrum,  below  the  edge  of  the  orbit.  A  little  before  its  termination, 

*  Blandin  (Anat.  Topog.  p.  44)  relates  a  case  in  which  a  tumor,  originating  in  the 
antrum,  made  its  way  into  the  zygomatic  fossa,  and  caused  a  swelling  in  the  temple. 
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the  main  canal  gives  off  one  or  sometimes  two  smaller  ones,  termed 
the  "  anterior  dental  canals."  These  run  down  in  the  very  substance 
of  the  front  wall  of  the  antrum,  in  order  to  transmit  blood-vessels 
and  nerves  to  the  two  incisor,  the  canine,  and  the  first  biciLspid 
teeth.    To  see  these  canals  it  is  necessary  to  introduce  a  bristle  as 
a  guide,  and  then  to  rasp  away  the  front  wall  of  the  bone.  Near 
the  lachrymal  groove  may  be  seen  a  small  depression,  indicating 
il  the  spot  where  the  "  inferior .  oblique"  muscle  of  the  eye  arises. 
This  is  the  only  muscle  of  the  orbit  which  takes  origin  from  the 
front;  all  the  others  arise  from  the  back  part,  around  the  optic 
foramen.    In  the  perfect  skull  (Plate  XIII.)  you  will  find  that  the 
upper  wall  or  "  orbital  plate "  of  the  antrum  is  connected  on  its 
inner  side  with  the  lachrymal,  ethmoid,  and  palate  bones ;  but  that 
on  its  outer  side  it  forms  one  of  the  margins  of  the  "spheno-max- 
illary  fissure,"  at  the  back  of  the  orbit. 
Internal  wall.         On  the  inner  or  "  nasal  wall"  of  the  antrum, 
the  first  thing  we  notice  is  the  orifice  of  the  antrum 
itself  (Plate  X.  fig.  2).    In  'the  separate  bone,  this  orifice  is  very 
irregular,  and  large  enough  to  admit  the  end  of  a  finger;*  but  in 
the  perfect  skull  (Plate  XX.)  it  is  very  much  closed  in  by  the 
ethmoid,  palate,  and  inferior  spongy  bones.    In  the  recent  state, 
indeed,  the  orifice  is  generally  so  contracted  by  a  fold  of  the  mucous 
membrane  of  the  nose,  that  it  will  only  just  admit  the  passage  of  a 
crow-quill.    Observe,  moreover,  that  the  orifice  is  not  near  the 
bottom  of  the  antrum,  but  very  high  up  :  the  consequence  of  this 
is,  that  when  fluid  collects  in  the  antrum  it  cannot  run  out  until 
the  antrum  is  nearly  full,  or  until  the  head  is  inclined  horizontally 
with  the  opposite  cheek  downwards. 

Antrum.  So  much  for  the  four  walls  of  the  antrum.  Now,^^ 

observe  the  size  and  form  of  the  cavity  itself.  The 
«  maxillary  sinus,"  or  "  antrum  of  Highmore,"!  is  by  far  the  laa-gest 
of  the  air-cells  in  the  bones  of  the  head.    It  is  large  enough  to  hold 

*  Sometimes  there  are  two  openings,  separated  by  the  thin  plate  (unciform  process) 
which  descends  from  the  ethmoid  bone.  '  ' 

+  Nathaniel  Highmore  was  an  English  anatomist,  born  1613,  died  1684,  who  wrote 
much  about  the  diseases  of  the  antrum.  He  did  not  discover  the  antrum.  It  was 
known  to  Galen  as  the  "  Sinus  maxillaris." 
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a  musket-ball  with  ease.  Mr.  Guthrie*  says  he  has  known  a  ball 
lodge  in  the  antrum  for  months,  and  even  for  years,  before  it  was 
renToved.  M.  Jarjavay  f  speaks  of  a  ball  having  lodged  for  eleven 
years  in  the  antrum,  and  having  finally  made  its  way  out  through 
the  roof  of  the  mouth.  However,  it  varies  in  size,  and  somewhat 
in  shape,  in  different  persons :  but,  as  a  rule,  it  has  the  fonn  of 
a  triangular  pyramid,  with  the  base  towards  the  nose,  and  the 
apex  towards  the  malar  bone.  Thin  plates  of  bone  are  often 
found  extending  across  the  antrum;  and,  what  is  of  more  im- 
portance, the  fangs  of  one  or  more  of  the  molar  teeth  generaUy 
project  into  it,  either  quite  bare,  or  covered  by  a  thin  scale^  of 
bone.  Hence  the  practice,  adopted  by  some  surgeons,  of  drawing 
one  of  these  teeth,  say  the  first  or  second  molar,  in  order  to  let 
out  matter  from  the  antrum.  Again,  the  fangs  of  decayed  or 
otherwise  injured  molar  teeth  are  liable  to  set  up  disease  in  the 
antrum  ;  and  this  is  the  explanation  commonly  given  why  morbid 
gi-owths  arise  in  the  antrum  more  frequently  than  in  any  of  the 
other  air-cavities  of  the  nose. 

The  following  case  gives  one  a  good  idea  of  the  extent  of  the 
antrum:  —  "A  lady  suffering  from  tooth-ache  submitted  to  the 
extraction  of  the  canine'tooth  of  the  upper  jaw,  with  which  a  por- 
tion of  the  alveolar  process  was  removed,  making  an  aperture  in 
the  antrum,  from,  which  a  watery  fluid  constantly  issued.  The 
patient,  desirous  of  ascertaining  the  source  of  the  discharge,  took  a 
pen,  and,  having  stripped  off  the  barbs  from  the  feathered  part, 
found  that  the  whole  of  it,  full  six  inches  long,  could  be  introduced 
into  the  cavity.  At  this  she  was  greatly  terrified,  believing  it  must 
have  gone  into  the  brain.  She  consulted  Highmore,  who  explained 
to  her  that  the  pen  had  turned  spirally  within  the  sinus,  and  he, 
besides,  counselled  her  to  submit  with  patience  to  the  inconvenience 
of  the  discharge  from  the  cavity."  I 

Alveolar  process.     The  alveolar  process  is  the  thickest  and  strongest 
part  of  the  bone,  and  contains,  in  the  adult,  sockets 
(alveoli)  for  eight  teeth ;  namely,  two  "  incisors,"  one  "  canine," 


♦  Commentaries,  p.  528.  f  Anatomio  Cliirurgicnlc. 

t  Drake's  System  of  Anatomy,  Svo.  1 707. 
o  4 
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two  "  bicuspid  or  prsemolars,"  and  three  "  molars."  Thus  the  dental 
formula  in  man  is  — 

.2  +  2        1  +  1        2  +  2         3  +  3  „- 
-     2T2'       ITT'       2-T2'         3T3  =  ''- 

The  sockets  correspond  in  number  and  size  to  the  fangs  of  the  teeth 
they  receive.    They  vary  in  depth  in  different  instances.  The 
deepest  of  all  is  the  socket  of  the  canine  tooth :  this  is  often  -J^th 
of  an  inch  in  depth  in  the  dry  bone.    The  first  two  of  the  molars 
have  generally  each  three  fangs,  and  as  many  sockets.    Of  these 
fangs,  two  are  external,  one  internal.    Irregularities  in  the  shape 
and  the  direction  of  the  fangs,  whether  diverging  too  much  or  con- 
verging, lead  to  unavoidable  evils  when  it  is  necessary  to  extract 
them.    Either  a  fang  breaks,  or  part  of  the  alveolus  must  be  ex- 
tracted with  the  fang.    One  cannot  foresee  this.    Hence  it  follows 
that,  now  and  then,  even  the  most  skilful  operators  will  break 
teeth,  or  extract  portions  of  bone.    At  the  bottom  of  each  socket 
there  is  a  minute  hole,  through  which  the  vessel  and  nerve  come 
up  to  the  fang ;  and  there  are  also  numerous  holes  in  the  bony 
partitions  between  the  sockets,  through  which  vessels  come  to 
supply  the  gums.    These  are  the  sources  of  the  bleeding  after  the 
extraction  of  a  tooth.    The  teeth  are  fixed,  not  only  by  the  closely 
fitting  socket,  but  also  by  the  very  vascular  membrane,  the  peri- 
osteum, which  lines  the  socket  and  adheres  closely  to  the  fang. 
This  periosteum  not  only  retains  the  teeth  in  their  place,  but  main- 
tains their  vitality,  and,  being  elastic,  breaks  shocks  which  would 
otherwise  be  communicated  to  the  jaws,    men  the  dental  peri- 
osteum inflames;  the  tooth  is  partly  lifted  out  of  its  socket,  and  the 
jaws  cannot  be  closed  without  pain.  If  the  inflammation  goes  on  to 
the  formation  of  matter,  the  periosteum  quits  its  hold  of  more  or  less 
of  the  fang,  and  abscess  in  the  socket  is  the  result.  The  matter  then 
makes  its  way  out  by  the  side  of  the  tooth,  or  through  a  small  hole 
formed  by  ulceration  in  the  alveolar  wall;  and  a  gum-boil  is  the 
result.    In  the  dry  bones,  most  of  the  teeth  fall  out,  because  the 
periosteum  shrinks,  and  thus  the  sockets  become  too  large.^ 

The  alveolar  process  gives  origin  to  two  muscles  (Plate  X.  fig.  1), 
f  namely,  to  the  "buccinator"  above  the  three  molar  teeth,  and  to 
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the  "depressor  ^i^^u^rioris "  above  the  incisor  teeth,  where 
there  is  a  little  depression,  termed  the  "myrtiform  fossa." 

Nasal  process.  The  nasal  process  ascends  nearly  perpendicularly, 
to  abut,  by  means  of  a  very  rough  suture,  upon  the 
internal  angular  process  of  the  frontal  bone.  It  supports  the  true 
nasal  bones,  and  contributes  to  form  the  inner  margin  of  the  orbit. 
The  principal  point  concerning  the  nasal  process  is  the  deep  groove 
which  runs  fe,lmost  vertically  behind  its  orbital  margin.  It  is  called 
the  "  lachrymal  groove."  In  the  perfect  skull  you  will  find  that 
it  is  converted  into  a  complete  canal  by  a  corresponding  groove  in 
the  lachrymal  bone  and  a  small  portion  of  the  inferior  spongy 
bone.  The  canal  thus  completed  is  for  the  lodgment  of  the 
"  lachrymal  sac "  and  "  nasal  duct,"  which  convey  the  tears  into 
the  inferior  "meatus"  of  the  nose.  It  is  about  the  size  of  a 
common  goose-quiU.  When,  from  inflammation  or  other  cause — 
such  as  a  tumor — the  canal  becomes  obstructed,  the  tears  neces- 
sarily flow  over  the  edge  of  the  eye-lid,  and  run  down  the  cheek. 
To  obviate  this,  it  is  often  requisite  to  puncture  the  lachrymal  sac, 
and  introduce  a  style  into  the  canal.  Therefore  one  must  know 
well  the  direction  of  the  canal.  It  runs  from  above  downwards, 
and  with  a  slight  inclination  backwards.  On  the  outer  surface  of 
the  nasal  process  we  observe  the  prominent  ridge  which  forms  the 
inner  margin  of  the  orbit.  This  gives  origin  to  the' "  tendo  oculi  " 
and  the  "  orbicularis  oculi."  A  little  in  front  of  this  the  "  levator ' 
labii  superioris  et  alse  nasi "  arises.  On  the  inner  surface  we  have 
to  observe  the  two  ridges  to  which  the  inferior  and  middle  spongy 
bones  are  attached,  and  also  the  smooth  surfaces  between  the 
ridges  which  respectively  form  part  of  the  inferior  and  middle 
"  meatus  "  of  the  nose.  Near  the  top  the  nasal  process  often  closes 
in  one  of  the  anterior  ethmoidal  ceUs.  In  front  the  nasal  process 
presents  a  sharp  crescent-shaped  margin,  which,  with  the  similar 
one  on  the  opposite  bone,  bounds  the  anterior  opening  of  the  nose, 
and  gives  attachment  to  the  lateral  cartilage. 

Palatine  pro-       The  palatine  process  extends  horizontally  inwards, 
to  form  the  anterior  two-thirds  of  the  hard  palate, 
and  also  the  floor  of  the  nose ;  the  posterior  third  being  completed 
by  the  proper  palate  bone.    On  the  palatine  surface  (Plate  XVIII.) 
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we  observe — 1,  the  palatine  groove  for  the  palatine  vessels  and 
nerve;  2,  the  numerous  foramina  which  transmit  vessels  into  the 
bone ;  and  3,  the  pits  made  by  the  palatine  glands.     On  the 
upper  or  nasal  surface  there  is  nothing  to  notice,  more  than  that 
it  is  smooth  and  slightly  concave.    By  adjusting  the  two  superior 
maxillary  bones  together,  you  will  find  that  the  palatine  processes 
are  connected  in  the  middle  line  by  a  very  rough  suture  (palatine 
suture) ;  and  that  they  rise  towards  the  nose  into  a  kind  of  crest, 
which  articulates  with  the  vomer,  and  forms  as  it  were  a, base 
for  the  bony  septum  of  the  nose  (Plate  XV.  fig.  1).    This  crest 
projects  in  front  in  the  shape  of  a  sharp  spine  (the  "anterior  nasal 
spine  "),  which  serves  for  the  attachment  of  the  cartilaginous  part 
of  the  septum.     In  this  palatine  suture,  immediately  behind  the 
middle  incisor  teeth,  we  observe  the  "anterior  palatine  canal" 
(Plate  XVIII.).     Towards  the  palate,  this  canal  has,  at  first  sight, 
only  one  large  orifice ;  but  if  we  look  to  the  bottom  of  it,  we  shall 
probably  find  four  openings.     Two  of  these  lie  in  the  middle  line, 
one  behind  the  other,  and  transmit  the  anteri£ir_palati^^ 
the  other  two,  much  larger,  are  situated  one  on  each  side  the 
middle  line ;  they  lead  into  the  floor  of  each  nostril,  and  transmit 
the  anterior  palatine  arteries.* 
Malar  process.        The  malar  process  stands  off  from  the  outer 
side  of  the  antru^m.    It  is  remarkably  thick  and 
strong,  and  is  connected,  by  a  very  rugged  surface,  with  the  malar 
bone.    Observe  that  the  malar  process  is  situated  just  over  the 
first  and  second  molar  teeth,  and  is  therefore  well  calculated  to 
resist  pressure  in  mastication.    When  we  crack  a  nut,  we  in- 
stinctively place  it  under  these  teeth. -•'i«''^j''3tA.VAA-^^A\-,  .-\^^ 

The  superior  maxilla  is  connected  with  nine  bones,  as  follows : — 
with  the  malar,  the  frontal,  the  nasal,  the  lachrymal,  the  vomer, 
the  inferior  spongy,  the  palate  bone,  its  fellow,  and  lastly,  the 
ethmoid.    We  mention  this  bone  last  of  all,  because  we  wish  to 


•  The  description  in  the  text  concerning  the  anterior  palatine  canals,  applies  to 
twenty  out  of  forty  skulls  examined.  Their  disposition,  in  other  cases,  is  very  apt  to 
vary  both  as  to  number  and  size.  It  was  Scarpa  (Aunot.  Anatom.  lib.  n.  p.  75)  who 
first  pointed  out  the  varieties  in  these  canals.  In  many  iiistauces  one  of  the  canals  is 
absent ;  or,  if  present,  not  pevvlous  throughout. 
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direct  attention  to  a  fact  wliich  we  have  hitherto  omitted  to  notice, 
tliat  some  of  its  cells  are  closed  in  by  half  cells  usually  seen  along 
the  orbital  plate  of  the  superior  maxillary  bone  (Plate  X.  fig.  2). 

The  ossification  of  the  upper  jaw  begins  so  soon  (as  early  as  the 
fifth  week),  and  proceeds  so  quickly,  that  the  number  of  its  inde- 
pendent centres  ha,s  not  yet  been  accurately  determined.  There  is 
one  part,*  however,  which  is  certainly  ossified  from  a  distinct  centre, 
that,  namely,  which  contains  the  sockets  of  the  two  incisor  teeth. 
In  animals  this  remains  a  permanently  distinct  bone,  called  the 
"  pre-maxillary."  Indeed  in  most  human  skulls,  if  not  very  old, 
one  can  trace  the  remains  of  the  pre-maxillary  suture  (Plate  XVIII.). 
It  runs  outwards  from  the  anterior  palatine  canal,  and  then  through 
the  alveolar  border  of  the  jaw,  invariably  between  the  second 
incisor  and  the  canine  tooth ;  and  here  we  lose  all  trace  of  it. 
This  is  interesting  surgically.  In  cases  of  double  hare-lip,  where 
the  fissure  is  not  confined  to  skin,  the  pre-maxillary  bones  on  each 
side  fail  to  imite  with  the  rest  of  the  upper  jaw,  and  often  project 
in  a  hideous  manner  through  the  fissure  of  the  lip.  When  removed 
by  operation,  this  portion  of  the  jaw  is  always  foimd  to  contain  the 
capsules  of  the  fom-  incisor  teeth. 


MALAR  BONE. 
(Plate  XIL  fig.  3.) 

The  malar  bone  forms  the  prominence  of  the  cheek,  a  part  of 
the  margin  and  wall  of  the  orbit,  and  the  greater  portion  of  the 
zygomatic  arch.  It  is  remarkably  thick  and  strongs  in  order  to 
resist  injury,  to  which  the  face,  in  this  situation,  is  so  obnoxious. 
We  divide  it  into  an  anterior  or  subcutaneous  surface,  a  superior 
or  orbital,  and  a  posterior  or  zygomatic. 

*  This  piirt,  in  man,  was  first  pointed  out  by  the  poet  Goutlie. 
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On  the  subcutaneous  surface  there  is  nothing  to  observe  except 
the  orifice  of  one  of  the  "  malar  canals,"  and  that  it  gives  origin 
to  the  "  zygomaticus  major"  and  "minor"  muscles. 

The  superior  surface  forms  part  of  the  outer  wall  of  the  orbit,  a 
small  part  of  its  floor,  and,  generally  speaking,  the  corner  only  of 
the  spheno-maxillary  fissure.*  There  are  usually  two  "malar 
canals  "  to  be  seen  on  it.  By  introducing  bristles,  it  will  be  found 
that  one  of  these  leads  to  the  subcutaneous  surface ;  the  other,  to 
the  zygomatic  surface.f  , 

The,  posterior  surface  is  very  concave,  in  order  to  form  the 
anterior  wall  of  the  zygomatic  fossa. 

The  malar  bone  has  three  free  borders.  One  forms  at  least  a 
third  of  the  margin  of  the  orbit,  and  reaches  as  far  inwards  as  the 
infra-orbital  canal:  a  second  forms  the  upper  edge  of  the  zygo- 
matic arch,  and  gives  attachment  to  the  "temporal  fascia:",  a 
third  forms  the  lower  edge  of  the  arch,  and  gives  origin  to  the 
"  masseter  "  muscle  (Plate  XIV.  fig.  2). 

The  malar  bone  is  connected  with  four  bones;  namely,  by  a 
broad  and  very  rough  surface,  with  the  superior  maxillary;  by 
suture,  with  the  external  angle  of  the  frontal,  the  orbital  plate  of 
the  sphenoid,  and  the  zygomatic  process  of  the  temporal.  These 
several  connections  are  so  strong,  that  the  bone  oannot  be  driven 
inwards  towards  the  orbit,  and  fractures  of  it  are  very  rare.  It  is 
developed  from  a  single  centre  of  ossification. 

*  -From  an  examination  of  many  skulls,  I  find  that  tlie  malar  bone  is  nearly  as 
often  as  not  excluded  from  the  spheno-maxiUary  fissure.  This  exclusion  is  efiFected  in 
one  of  two  ways;  either  by  the  immediate  junction  of  the  superior  maxillary  and 
sphenoid  bones,"  or,  what  is  rather  singular,  by  the  interposition  of  a  little  "Wormian" 
bone  just  at  the  angle  of  the  fissure. 

t  These  malar  canals  transmit  nerves  which  proceed  from  the  orbital  branch  of  the 
superior  maxillary  nerve  to  the  cheek,  and  the  zygomatic  fossa  respectively. 
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NASAL  BONES. 
(Plate  XIII.  fig.  3.) 

The  nasal  bones,  situated  one  on  either  side,  occupy  the  space 
between  the  nasal  processes  of  the  superior  maxillary  bones,  and, 
together,  complete  the  bridge  of  the  nose.  Their  length,  breadth, 
and  degi-ee  of  inclination,  determine  the  shape  of  the  nose  in 
different  individuals.  We  have  to  examine  their  anterior  and 
posterior  surfaces,  and  their  four  borders. 

Their  anterior  sm-faces  are  subcutaneous,  convex,  and  present 
the  orifices  of  one  or  more  canals,  for  the  transmission  of  blood- 
vessels. Their  posterior  surfaces  are  concave,  so  as  to  form  part  of 
the  roof  of  the  nose,  and  are  each  marked  by  a  groove  for  the 
passage  of  the  nasal  nerve. 

Their  upper  borders  are  broad,  serrated,  and  firmly  articulated 
with  the  frontal  bone.  Their  lower  borders  are  thin  and  free  in  the 
dry  bone,  but  connected  in  the  recent  subject  with  the  lateral  car- 
tilages of  the  nose.  Each  has,  generally,  a  little  notch  in  it,  through 
which  the  nasal  nerve  comes  to  supply  the  skin  at  the  tip  of  the 
nose.  Their  outer  borders  are  serrated,  and  slightly  sloped,  so  as 
to  articulate  with,  and  be  supported  by,  the  nasal  processes  of  the 
superior  maxillary.  Their  inner  borders  articulate  with  each  other, 
in  the  middle  line,  along  the  "nasal  suture."  Here  the  under 
surface  of  each  bone  rises  into  a  high  "crest."  By  putting  the 
bones  together,  it  will  be  seen  how  their  crests  form  the  begin- 
ning of  the  bony  septum  of  the  nose,  and  that  they  articulate  with 
the  nasal  spine  of  the  frontal  bone,  and  the  perpendicular  plate  of  the 
ethmoid  (see  Plate  XV.  fig.  1).  Hence,  you  cannot  have  a  fracture 
with  depression  of  the  nasal  bones,  without  a  fracture  of  the  per- 
pendicular plate  of  the  ethmoid.  In  some  rare  instances,  the  injury 
extends  through  the  perpendicular  plate  of  the  ethmoid  to  the  base 
of  the  brain.    Observing  the  great  strength  of  the  nasal  bones,  and 
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the  arch  they  form ;  how  the  sides  of  this  arch  are  supported  by  the 
nasal  processes  of  the  superior  maxilla,  while  the  centre  is  propped 
up  by  the  nasal  spine  of  the  frontal  bone,  and  the  perpendicular 
plate  of  the  ethmoid  (Plate  XV.  a,  fig.  2),  one  can  readily  imder- 
stand  what  makes  the  arch  so  strong,  and  why  the  bones  are 
so  seldom  broken.  One  has  a  pretty  good  proof  of  the  strength  of 
the  arch,  when  one  sees  mountebanks  support  upon  it,  with  impu- 
nity, a  heavy  ladder,  with  the  additional  weight  of  a  man  upon  the 
steps. 

Each  nasal  bone  is  developed  from  a  single  centre  of  ossification. 


LACHRYMAL  BONES. 
(Plate  Xn.  fig.  4.) 


The  lachrymal  bones  are  situated,  one  on  each  side,  on  the  inner 
wall  of  the  orbit.  They  are  exceedingly  thin  and  delicate,  and 
being  shaped  like  the  nail,  are  often  called  the  "ossa  unguis.']^  In 
old  skulls,  they  are  often  as  thin  as  silver  paper,  and  sometimes 
perforated.  One  su'rface  looks  towards  the  orbit ;  the  other  towards 
the  nose.    One  of  these  bones  is  seen  in  situ  in  Plate  XIII.  fig.  2. 

The  external  or  orbital  surface  has  a  vertical  ridge  upon  it ;  and 
in  front  of  this  is  a  groove  ("lachrymal  groove"),  which,  together 
with  the  groove  on  the  nasal  process  of  the  superior  maxilla,  forms 
the  canal  for  the  lachrymal  sac.  The  ridge  itself  gives  origin  to 
the  "  tensor  tarsi"  muscle.  The  bone  behind  the  ridge  is  smooth, 
slightly  concave,  and  forms  part  of  the  wall  of  the  orbit. 

The  internal  or  nasal  surface  presents  a  slight  furrow  cor- 
responding to  the  external  ridge.  The  surface  in  front  of  this 
forms  part  of  the  middle  meatus  of  the  nose ;  that  behind  it  always 
covers  the  anterior  cells  of  the  ethmoid  bone,  and  sometimes  a 
small  cell  or  two  in  the  frontal  bone. 

By  examining  the  orbit  (Plate  XIII.  fig.  2),  you  will  observe 
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that  the  lachrymal  bone  is  somewhat  square,  and  that  it  articulates 
by  suture  with  the  frontal  above,  the  ethmoid  behind,  the  superior 
maxillary  in  front  and  below.'  But  this  is  not  all.  The  lower  edge 
of  the  bone  has  a  little  triangular  "tongue,"  which  articulates 
with  what  is  called  the  "  lachrymal  process  "  of  the  inferior  spongy 
bone  (see  Plate  XV.  fig.  2).  So,  then,  it  articulates  with  four 
bones.    It  has  one  centre  of  ossification. 


PALATE  BONES. 
(Plate  XI.  figs.  1,  2,  3.) 

There  are  two  "palate  bones,"  one  on  each  side,  wedged^  in 
between  the  pterygoid  processes  of  the  sphenoid  and  the  superior 
maxillary  bone.  They  form  part  of  the  nasal  fossEe  and  the  orbits, 
as  well  as  of  the  palate.  As  the  palate  bone  somewhat  resembles 
the  letter  L  in  shape,  we  can  divide  it,  for  convenience  of  descrip- 
tion, into  a  horizontal  and  a  vertical  plate. 

Horizontal  plate.  The  horizontal  plate  completes  the  bony  palate 
by  fitting  on  to  the  palate  plate  of  the  superior 
maxillary  bone.  Its  under  surface  (Plate  XI.  fig.  3)  presents  a 
transverse  ridge,  more  or  less  marked  in  different  bones,  for  the 
insertion  of  the  aponeurosis  of  the  "  tensor  palati."  In  front  of  ' 
this  ridge  and  towards  its  outer  end  we  observe  the  orifice  of  the 
"  posterior  palatine  canal,"  for  the  transmission  of  the  posterior 
palatine  vessels  and  nerve.  The  anterior  edge  of  this  plate  is 
serrated  and  cut  obliquely,  so  as  to  articulate  with,  and  be  supported 
b}^,  the  palate  plate  of  the  superior  maxilla.  The  posterior  edge 
is  smooth  and  concave,  and  gives  attachment  to  the  soft  palate. 
The  inner  edge  firmly  articulates  with  its  fellow,  by  means  of  a 
"  median  crest "  raised  up  towards  the  nose,  precisely  like  the  cor- 
responding parts  in  the  superior  maxillary  bones  (see  Plate  XV. 
fig.  1) ;  and  this  crest  serves  to  support  the  vomer,  and  form  a 
basis  for  the  septum  of  the  nose.   Behind,  it  terminates  in  a  pointed 
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process,  termed  the  "  posterior  nasal  spine  "  (Plate  XVIII.),  which 
gives  origin  to  the  "  azygos  uvulcB  "  muscle.  Concerning  the  upper 
surface  of  the  plate  we  have  only  to  notice  that  it  is  smooth  and 
slightly  concave,  in  order  to  form  part  of  the  floor  of  the  nose. 

Vertical  plate.  The  vertical  plate  of  the  palate  hone  contributes 
to  form  the  outer  boundary  of  the  nasal  fossa. 
On  its  inner  surface  (Plate  XII.  fig.  1)  we  notice  a  "ridge"  for 
the  attachment  of  the  inferior  spongy  bone.  The  surfaces  above 
and  below  this  ridge,  respectively,  form  part  of  the  middle  and 
inferior  "  meatus  "  of  the  nose.  Still  higher,  there  is  a  ridge  for 
the  middle  spongy  bone.  On  its  outer  surface  we  have  to  observe 
a  vertical  groove,  which  of  itself  almost  forms  the  "  posterior  pala- 
tine canal "  (Plate  XI.  fig.  1).  The  front  part  of  the  vertical  plate 
fits  along  the  inner  wall  of  the  antrum  of  the  superior  maxilla,  and 
helps  to  contract  the  lower  and  back  part  of  the  orifice  of  the 
antrum.  This  part,  however,  is  very  fragile,  and  is  generally 
broken  in  separating  the  bones. 

Tuberosity.  From  the  angle  formed  by  the  horizontal  and 

vertical  plates  projects  backwards  what  is  called 
the  "tuberosity"  (Plate  XI.  fig.  1).  This  is  the  thickest  and 
strongest  part  of  the  whole  bone,  and  its  use  is  to  fit  into  and  fill 
up  the  "  notch  "  which,  we  remember,  is  left  between  the  pterygoid 
plates  of  the  sphenoid  bone.  For  this  purpose  its  posterior  aspect 
presents  a  groove  which  completes  the  pterygoid  fossa.  This 
groove  is  bounded  by  two  rough  surfaces,  which  diverge  from  each 
other  Hke  the  letter  V  reversed,  in  order  to  fit  into  the  borders  of 
the  notcli  itself  (Plate  VIII.  fig.  2);  The  anterior  aspect  of  the 
tuberosity  presents  a  very  rugged  •  surface,  which  articulates  with 
the  tuberosity  of  the  superior  maxiUaiy  bone.  The  inferior  aspect 
has  nothing  remarkable  on  it,  except  the  orifices  of  one  or  two 
canals  large  enough  to  admit  a  pin.  They  are  the  "accessory 
palatine  canals,"  and  transmit  nerves  to  the  soft  palate. 

Turning  now  our  attention  to  the  upper  part  of  the  palate  bone, 
we  observe,  that  at  the  top  of  the  vertical  plate  there  are  two  pro- 
cesses. One  is  appropriately  called  the  "  orbital,"  because  it  fills 
up  a  little  corner  at  the  back  part  of  the  orbit :  the  other  is  called 
the  "sphenoidal,"  because  it  fits  under  the  body  of  the  sphenoid 
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bone.    These  processes  are  separated  by  a  deep  notch,  which  forms 
the  greater  pai't  of  the  "  spheno-palatine  foramen." 
Orbital  process.       The  "  orbital  process"  springs  from  the  top  of 
the  bone  by  a  narrow  neck,  and  is  hollow  in  its 
interior,  so  that  it  may  be  compared  to  a  little  box  with  paper-like 
walls  of  bone.*  The  interior  contains  air,  which  is  admitted  through 
one  of  the  posterior  ethmoidal  air-cells.    Our  little  box  has  five 
siwfaces,  each  varying  in  extent,  and  looking  in  different  directions. 
If  you  hold  the  bone  before  you,  precisely  as  it  is  in  your  own 
person,  and  remember  that  it  is  interposed  between  the  maxillary 
in  front  and  the  sphenoid  behind,  you  will  have  no  diflBculty  in  re- 
coo'nisine  the  direction  of  these  surfaces  to  be  as  follows  (see 
Plate  XII.  fig.  2) : — the  superior  looks  into  the  orbit ;  the  external 
looks  into  the  zygomatic  fossa  (or,  more  strictly  speaking,  into  the 
spheno-maxillary  fossa)  ;  the  'posterior  is  connected  with  the  body 
of  the  sphenoid  ;  the  internal  with  the  ethmoid ;  and  the  anterior 
with  the  superior  maxillary  bone.     Thus,  then,  we  have  a  superior 
or  orbital  surface,  an  external  or  zygomatic,  a  posterior  or  sphe- 
noidal, an  internal  or  ethmoidal,  and  an  anterior  or  maxillary  :  of 
these  five,  two  only  are  free,  namely,  the  orbital  and  the  zygo- 
matic,— the  other  three  are  attached  to  the  respective  bones  with 
which  they  are  contiguous.    Plate  XX.  shows  the  little  corner  at 
the  inner  and  back  part  of  the  orbit,  which  is  filled  up  by  the  palate 
bone,  and  also  the  relative  position  of  the  bones  with  which  the 
orbital  process  is  connected.    It  likewise  shows  that  the  "  zygo- 
matic surface  "  forms  that  part  of  the  floor  of  the  spheno-maxillary 
fossa  which  lies  above  the  spheno-palatine  foramen. 
Sphenoidal  pro-      The  "sphenoidal  process"  is  a  thin  plate  of  bone, 
which  arches  inwards  beneath  the  body  of  the 
sphenoid  bone,  and  forms  part  of  the  roof  of  the  nasal  fossa.    As  it 
is  generally  broken  in  the  separate  bone,  one  can  see  it  best  in  the 
perfect  skull  (Plate  XVIII.).    The  arch  which  it  forms  has  three 

*  Why  should  the  palate  bone  creep  up  into' the  orbit  ?  One  niny  be  sure  that  such 
connection  is  the  best  possible  for  the  function  of  the  bone,  without  Icnowin;,'  the  reason 
why.  But  the  "  secret"  reason  is  disclosed  by  comparative  anatomy  ;  namely,  that  it 
mounts  up  into  the  orbit  in  order  to  be  connected  to  the  vomer  or  body  of  the  frontal 
vertebra,  to  which  it  constantly  belongs  throughout  all  vertebrate  animals.  A  striking 
instance,  this,  of  unity  of  design. 
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surfaces, — an  upper  or  convex  surface,  which  closes  in  the  pterygo- 
palatine canal ;  an  under  or  concave  surface,  which  we  see  in  look- 
ing into  the  nasal  fossa;  and,  lastly,  an  outer,  which  we  see  in 
looking  at  the  bottom  of  the  spheno-maxillary  fossa. 

Kespecting  the  "spheno-palatine  foramen,"  we  need,  for  the 
present,  merely  observe,  that  it  is  an  opening  which  leads  from  the 
spheno-maxillary  fossa  into  the  cavity  of  the  nose,  in  order  to  con- 
vey nerves  and  blood-vessels  there  (Plate  XX.). 

The  palate  bone  articulates  with  seven  bones, — namely,  its  fellow, 
the  sphenoid,  ethmoid,  inferior  and  middle  spongy  bones,  the 
vomer,  and  the  superior  maxilla. 

It  is  developed  from  a  single  centre  of  ossification,  which  appears 
at  the  angle  of  the  horizontal  and  vertical  portions,  about  the  middle 
of  the  second  month. 


INrERIOR  SPONGY  BONE. 
(Plate  XIV.  figs.  1  and  3.) 


In  each  nasal  cavity  there  are  three  spongy  bones,— aa  upper,  a 
middle,  and  a  lower.  The  upper  and  middle,  form  part  of  the  eth- 
moid bone,  and  have  been  already  described.  We  have  now  to 
examine  the  lower  one. 

This  thin  plate  of  bone  is  well  called  "  spongy,"  from  its  appear- 
ance, and  "turbinated,"  from  its  curved  form.  By  referring  to 
Plate  XV.  fig.  2,  you  will  see  it  in  situ,  and  observe  how  much 
longer  it  is  than  either  of  the  others.  Its  internal  surface,  forming 
the^'convex  part  of  the  roll,  looks  towards  the  septum  of  the  nose ; 
its  external  surface  forms  the  concave  part,  and  bounds  the  inferior 
meatus  of  the  nose.  Both  surfaces  are  covered  with  Httle  ridges 
and  furrows,  and  more  or  less  horizontal  canals,  specially  for  the 
lodgment  of  numerous  plexuses  of  arteries,  but  chiefly  of  vems. 
This  quite  accords  with  the  purpose  served  by  the  bone,  namely,  to 
afford  an  additional  extent  of  surface  for  wanning  the  air  on  its 
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passage  into  the  lungs.  It  has  nothing  to  do  with  the  sense  of 
smell :  we  cannot  trace  the  olfactory  nerves  lower  than  the  middle 
spongy  bone. 

By  its  upper  edge  it  is  attached  along  the  outer  wall  of  the  nose 
to  several  bones,  as  follows :— Beginning  from  the  front,  we  find  it 
attached,  1,  to  a  ridge  along  the  nasal  process  of  the  superior 
maxilla:  2,  by  means  of  a  little  "tongue"  (" lachrymal  process ") 
to  just  such  another  "tongue"  of  the  lachrymal;  it  is  this  part  of 
the  bone  which  completes  the  nasal  duct;  3,  to  the  orifice  of  the 
antrum  by  means  of  a  triangular  plate  termed  the  "maxillary  pro- 
cess "  (Pl^te  XIV.  fig.  3),  which  turns  down  Hke  a  dog's  ear,  and 
helps  to  narrow  the  lower  part  of  the  orifice  of  the  antrum  ;  4,  to 
the  unciform  plate  of  the  ethmoid  by  means  of  a  little  tongue 
called  the  "  ethmoidal  process  " ;  5,  and  lastly,  to  a  ridge  along  the 
vertical  plate  of  the  palate  bone.  Notwithstanding  these  numerous 
connections,  the  bone  is  by  no  means  strongly  fixed  in  its  position : 
in  the  dry  skull  it  often  faUs  out:  and  in  the  operation  of  extracting 
a  polypus  from  the  nose,  it  is  quite  possible  to  pull  out  the  entire 
bone  with  the  disease. 

Its  lower  edge  is  free,  and,  generally,  about  half  an  inch  from 
the  floor  of  the  nose,  so  that  there  is  just  room  enough  to  introduce 
the  tube  of  a  stomach  pump  through  the  nose. 

The  bone  has  one  independent  centre  of  ossification,  which 
appears  about  the  fifth  month  of  foetal  life. 


THE    V  O  M  E  K. 
(Plate  Xm.  fig.  1.) 

The  "vomer"  is  so  named  from  its  resemblance  to  a  plough-share. 
It  is  a  thin  and  delicate  plate,  situated  perpendicularly  in  the  middle 
line,  and,  together  with  the  perpendicular  plate  of  the  ethmoid 
bone,  forms  the  bony  septum  of  the  nose  (Plate  XV.  fig.  1). 

Thin  as  it  is,  the  vomer  consists  of  two  plates,  united  below,  but 
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more  or  less  separated  above,  where  they  diverge  from  each  otlaer, 
and  form  a  deep  gi-oove  which  receives  the  "rostrum"  of  the 
sphenoid.    The  diverging  edges  of  the  groove,  called  the  "  wings,*' 
fit  into  the  little  furrows  beneath  the  "  vaginal  processes"  of  ^e 
sphenoid  (Plate  IX.).    Concerning  the  other  connections  of  the 
vomer,  we  have  to  observe  that,  the  two  plates  of  which  the  bone 
is  composed  part  from  each  other  at  every  edge  of  it;  and  as  the 
vomer  receives  the  other  bones  into  its  grooves,  so  it  is  locked  in 
on  all  sides.    Below,  it  articulates  with  the  crest  of  the  maxiUary 
and  palate  bones;  in  front,  with  the  perpendicular  plate  of  the 
ethmoid,  and  the  median  cartilage  of  the  nose ;  behind,  its  edge  is 
sharp  and  free,  and,  in  the  perfect  sknll,  is  seen  as  the  septum 
between  the  posterior  openings  of  the  nasal  fossae. 

Both  surfaces  of  the  vomer  are  inarked  by  grooves  for  blood- 
vessels and  nerves :  but  the  only  groove  deserving  notice  is  that 
which  descends  obliquely  and  transmits  the  "  naso-palatiae  nerve." 

It  is  necessary  to  know  that  the  direction  of  the  vomer  is  not,  in 
all  persons,  perpendicular.  In  100  skulls,  I  find  the  vomer  per- 
pendicular only  in  24.  There  are  instances  in  which  it  projects 
more  or  less  into  one  side  of  the  nose ;  and  such  an  unusual  projec- 
tion, when  covered  by  its  vascular  and  swollen  mucous  membrane, 
might  easily  be  mistaken  for  a  polypus.  Such  mistakes  are  aUuded 
to  in  surgical  works.* 

The  vomer  is  developed  from  one  centre  of  ossification,  which 
begins  at  the  lower  part,  and  proceeds  upwards  along  each  lateral 
plate. 


*  Jarjavay,  Anatomie  Chir.  t.  ii.  p.  61. 
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THE  INFERIOR  MAXILLARY  BONE. 
(Plate  XVI.) 

For  convenience  of  description  we  divide  the  lower  jaw  into  the 
arched  pai-^  in  front,  which  we  call  the  "  body"  of  the  jaw,  and  the 
part  behind,  called  the  "  ramus,"  which  ascends  at  nearly  a  right 
angle.  At  the  top  of  each  ramus  we  observe  the  "condyle"  or 
articular  surface,  the  "  coronoid"  process  for  the  insertion  of  the 
powerful  temporal  muscle,  and  the  "sigmoid  notch."  Let  us 
examine  what  is  to  be  seen,  first,  on  the  convex  surface  of  the 
"  body ;"  secondly,  on  the  concave  surface ;  and,  lastly,  on  each 
surface  of  the  ramus. 

Body.  The  convex  part  of  the  body  presents,  exactly  in 

the  centre,  a  slight  ridge,  termed  the  "  symphysis." 
This  is  the  strongest  part  of  the  bone,  and  indicates  where  the  two 
halves  of  the  bone  grew  together.*  Observe  that  its  direction  is 
vertical :  this  is  one  of  the  characteristics  of  man ;  he  alone  has  a 
chin.  The  "symphysis"  terminates,  below,  in  a  triangular  "  mental 
process,"  which  is  more  or  less  marked  in  different  individuals. 
On  each  side  of  the  symphysis  is  a  slight  depression,  termed  the 
"mental  fossa,"  which  gives  origin  to  the  "levator  menti"  muscle.  ' 
More  externally,  and  generally  in  a  line  with  the  first  prte-molar 
tooth,  is  the  "foramen  mentale,"t  which  transmits  the  "mental 
branch"  of  the  dental  nerve  and  artery.  Fromtlie  lower 'part  of 
the  symphysis~weTfaSe"mr'be  of  the  "external  oblique 

*  In  serpents  the  lateral,  halves  of  the  jaws,  upper  and  lower,  are  not  united  by 
bone,  but  held  together  by  an  elastic  ligament,  which  permits  the  two  halves  of  the 
jaws  to  be  separated  from  each  other  sideways,  to  a  considerable  extent.  This  is  one 
of  the  many  provisions  by  which  a  boa  is  enabled  to  swaUow  its  prey,  though  larcer 
than  its  own  body.  - 

t  The  position  of  the  «  foramen  mentale"  is  by  no  means  constant. 
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line"  or  ridge,  wliicli  curves  backwards  towards  the  root  of  the 
"V  coronoid  process.  This  line  gives  origin  to^^e  J^depressor  Jabii 
°i  inferioris "  and  "depressor  anguli  oris"  muscles.  A  little  below 
\^both  these,  is  the  insertion  of  the  "  Platysma-myoides  "  of  the  neck. 

Along  the  alveolar  border  near  the  molar  teeth  is  one  origin  of  the 
^"  buccinator." 

On  the  concave  or  hinder  surface  of  the  body  (fig.  2),  we  observe, 
at  the  symphysis,  four  small  tubercles,  i.  e.  two  on  each  side,  one 
^  above  the  other ;  the  upper  one  gives  origin  to  the  "  genio-hyo- 
*^glossus,"  the  lower,  to  the  "  genio-hyoideus "  muscle.*  Beneath 
these,  there  is  a  well-marked  depression  on  each  side,  for  the  in- 
^  sertion  of  the  "  digastricus."    On  this  surface,  also,  we  see  another 
oblique  line,  beginning  faintly  near  the  symphysis,  and  becoming 
gradually  more  prominent  as  it  ascends,  backwards  below  the  last 
molar  tooth.    It  is  called  the  "  mylo-hyoid  ridge,"  because  it  gives 
ts  origin  to  the  "mylo-hyoideus"  muscle.    Beyond  this,  it  gives  origin 
^1  to  part  of  the  "superior  constrictor"  of  the  pharynx.    Below  this 
ridge  is  a  slight  depression,  indicating  the  place  where  the  sub- 
maxillary salivary  gland  Hes.    Above  the  ridge  is  the  place  for  the 
sublingual  gland  ;  but  this  is  not  well  marked. 

The  oblique  lines  or  ridges  alluded  to  on  the  two  surfaces  of  the 
body,  denote  something  more  than  mere  muscular  impressions. 
They  indicate  the  limit  between  the  "  alveolar  "  part  which  contains 
the  teeth,  and  the  lower  or  "basilar "  part  of  the  jaw.  We  make 
these  distinctions  because  these  parts  come  aud  go  at  different 
periods  of  our  existence.  In  infancy  we  have  only  the  alveolar 
part;  towards  puberty  the  basilar  part  slowly  grows  to  perfection; 
in  old  age  again  when  the  teeth  fall  out,  and  their  sockets  are 
absorbed,  the  basilar  part  alone  remains,  and  the  chin  gradually 
approximates  the  nose.  The  absorption  of  the  sockets  (alveoli) 
which  is  natural  in  old  persons,  becomes  disease  when  it  happens 
in  middle  life,  and  produces  premature  age  in  the  jaws.  This  ab- 
sorption is  apt  to  arise  from  long  salivation,  scurvy,  or  purpura; 
frequently  it  is  hereditary. 

•  These  four  tubercles  in  some  instances  are  confluent,  and  appear  as  one. 


INFEEIOR  MAXILLARY  BONE. 


103 


Tceih  in  the  Tlie  teeth  in  the  lower  jaw  correspond^  in 
lower  jaw.  number  (16)  with  those  in  the  upper,  but  differ 

from  them  in  one  or  two  particulars  :—l.  The  lower  molars 
have  only  two  fangs,  an  anterior  and  posterior,  while  the  upper 
molars  hayHKree;  2.  When  the  mouth  is  closed  the  teeth  of  the  . 
lower  jaw  shut  behind  those  of  the  upper  jaw  which  forms  a  larger 
arch;  3.  The  external  tubercles  or  cusps  of  the  teeth  of  the  lower 
jaw  fit  into  the  hollows  between  the  external  and  internal  cusps  of 
the  teeth  of  the  upper  jaw  ;  by  which  arrangement  we  are  enabled 
to  use  the  entire  surface  of  the  opposing  teeth  in  grinding  the  food. 
When  the  jaws  are  closed,  each  tooth  in  one  jaw  is  opposed  by  two 
in  the  opposite  jaw ;  one  good  result  of  this  is,  that  when  we  lose  a 
tooth,  the  corresponding  tooth  in  the  other  jaw  being  still  more  or 
less  opposed,  is  still  of  service  in  mastication. 

Eamus.  The  ramus  of  the  jaw  mounts  up  from  the  body 

nearly  at  a  right  angle.  Hence  we  speak  of  the 
"angle"  of  the  jaw.  Excluding  its  outstanding  processes,  the 
ramus  is  nearly  square.  Nearly  the  whole  of  its  outer  surface 
gives  insertion  to  the  powerful  "  masseter  "  muscle,  which  closes  W 
the  jaw  (fig.  1).  On  its  inner  surface  (fig.  2)  we  observe  the 
"  dental  foramen,"  or  the  orifice  of  the  canal  for  the  transmission 
of  the  inferior  dental  nerve  and  artery.  The  inner  margin  of  the 
orifice  is  raised  into  a  short  "  spine "  for  the  attachment  of  the 
internal  lateral  ligament  of  the  jaw.  Leading  down  from  the 
orifice  is  the  "mylo-hyoid  groove,"  which  contains  the  small 
nerve  of  the  same  name.  Below  the  groove  is  the  rough  sur- 
face for  the  insertion  of  the  "  pterygoideus  internus"  muscle. 
Observe  that  strong  muscles  are  inserted  into  the  angle  of  the 
jaw  both  on  the  outer  and  on  the  inner  surface ;  and  that  for  this 
reason  fractures  through  this  part  of  the  bone  sometimes  escape 
detection. 

Condyle.  The  "condyle"  projects  from  the  upper  and 

back  part  of  the  ramus  in  order  to  form  the  joiat 
of  the  jaw,  and  it  fits  into  the  glenoid  cavity  of  the  temporal  bone. 
It  is  oblong  in  form,  with  the  long  axis  directed  horizontally 
inwards  and  slightly  backwards,  so  that,  if  prolonged,  the  axis  of 
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Fig.  14. 


the  two  condyles  would  meet  near  the  front  of  the  "  foramen 
magnum."  The  condyle  is  supported  on  a  contracted  part  termed 
the  "neck"  of  the  jaw.  This  neck  is  flattened  in  the  same 
direction  as  the  condyle,  and  is  slightly  excavated  in  front  for  the 
\'i  insertion  of  the  "  pterygoideus  externus  "  muscle. 

"Why  are  the  condyles  of  the  jaw  placed  obliquely  ?  The  answer 
is,  in  order  to  facilitate  the  oblique  rotatory  movements  necessary 
for  the  mastication  of  our  food.  In  masticating,  we  can  readily 
feel  that  one  condyle  advances  towards  the  anterior  margin  of 
the  glenoid  cavity,  while  the  other  recedes  towards  the  posterior 
margin. 

The  joint  of  the  lower  jaw  in  man,  is  a  much 

more  beautiful  mechanism  than  it  appears  at 

first  sight ;  but  in  order  to  appreciate  it  we  must 

look  a  little  at  the  form  of  the  joint  in  animals. 

In  aU  animals  the  joint  of  the  lower  jaw  varies 

according  to  the  structure  of  their  teeth  and  the 

food  they  eat.    There  are  three  principal  types 

of  this  joint : — the  carnivorous,  the  ruminant. 

The  carnivorous  type  is  a  simple  transverse  hinge : 

this  form  is  well  seen  in  the  badger,  in  which  animal 
'  the  condyle  of  the  jaw  is  mechanically  locked  in  its 

socket.    It  is  shown  in  fig.  14,  where  G-  represents 

the  shape  of  the  glenoid  cavity,  and  C  the  shape 
of  the  condyle  which  fits  into  it.    The  ruminant 
■  typs  presents  a  socket  and  a  condyle  nearly  flat  so  « 
as  to  admit  of  the  lateral  movement  necessary  for  grinding  the 
food.    This  form  is  seen  in  fig.  15,  which  is  taken     Fig.  16. 
from  the  sheep.    In  the  rodent  type  there  is  a  longi- 
tudinal groove  in  the  temporal  bone  in  which  the 
condyle  plays  from  before  backwards  like  a  plane. 
Fig.  16  shows  the  corresponding  surfaces  of  the 
glenoid  cavity  (G-),  and  the  condyle  (C)  in  the  capy- 
bara. 

Now  the  joint  of  the  lower  jaw  in  man  partakes, 
more  or  less,  of  the  nature  of  these  three  types :  that  is  to  saj^, 
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we  can  move  our  jaw  in  the  vertical  direction,  from  side  to  side, 
and  from  before  backwards.  The  teeth  of  man  are  likewise  inter- 
mediate in  structure  between  those  of  carnivorous  and  those  of 
ruminant  animals.    Man,  therefore,  is  omnivorous. 

The  "coronoid"  process  is  a,  triangular,  lofty  plate  of  bone, 
which  ascends  beneath  the  zygomatic  arch  in  order  to  increase  the 
leverage  of  the  temporal  muscle  which  closes  the  jaw.  Observe 
that  the  insertion  of  this  muscle  occupies  only  the  inner  surface 
and  front  border  of  the  process ;  the  outer  surface  of  the  process 
is  occupied  by  the  masseter.  Eespecting  the  "sigmoid  notch" 
there  is  nothing  to  be  said,  except  that  it  transmits  the  "  mas- 
seteric "  nerve  and  artery. 

The  walls  of  the  lower  jaw,  particularly  at  the  basilar  part,  are 
exceedingly  compact  and  tough.  In  operations  for  removal  of 
parts  of  the  bone,  it  is  necessary  to  use  the  saw  freely,  before  the 
bone  forceps  can  be  of  any  service.  The  interior  assumes  the  form 
of  "  diploe,"  and  is  traversed  by  the  "  inferior  dental  canal,"  which 
carries  the  vessels  and  nerves  to  the  teeth.  "We  have  seen  that 
the  canal  begins  on  the  inner  side  of  the  ramus;  if  it  be  traced 
out  by  cutting  away  the  inner  wall,  we  shall  find  that  it  curves 
forwards,  beneath  the  sockets  of  the  teethj  and,  towards  the  front, 
divides  into  two,  of  which  one  ends  at  the  "  foramen  mentale,"  the 
other,  much  diminished  in  size,  runs  on  through  the  diploe  nearly 
to  the  symphysis,  in  order  to  convey  vessels  and  nerves  to  the 
canine  and  incisor  teeth. 

The  lower  jaw  has  two  centres  of  ossification,  one  for  each  lateral 
half.  Their  junction  at  the  symphysis  takes  place  about  the  close 
of  the  first  year  after  birth.  In  the  lower  animals  the  symphysial 
suture  remains  throughout  Hfe. 
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The  examination  of  the  skull  as  a  whole  is  easy  and  intelligible, 
provided  the  individual  bones  have  been  carefully  studied. 


lOG  ,  SKULL  AS  A  WHOLE. 

Course  of  tho  First  of  all  we  must  learn  the  course  of  the 
sutures.  sutures.    This  is  of  practical  moment, — 1,  because 

it  enables  us  to  say  with  precision  in  what  direction  the  head  of  the 
child  is  presenting  during  labour;  2,  because  in  injuries  of  the 
skull  we  must  not  commit  the  error  of  mistaking  a  suture  for  a 
fracture;*  3,  because  it  is  desirable  not  to  trephine  in  the  course 
of  the  sutures. 

The  "  coronal  suture "  (Plate  XX.  a)  (fronto-parietal)  connects 
the  frontal  with  the  parietal  bones.  It  extends  transversely  across 
the  top  of  the  skull,  from  the  great  wing  of  the  sphenoid  on  one 
side  to  the  other.  Concerning  the  construction  of  this  suture  we 
have  to  remember,  that  in  the  middle  the  frontal  overlaps  the 
parietal  bones,  whereas  at  the  sides  the  parietals  overlap  the 
frontal :  a  provision  which  manifestly  tends  to  lock  the  bones 
together. 

The  "  sagittal  suture "  (inter-parietal)  connects  the  two  parietal 
bones.  It  runs  directly  backwards,  in  the  middle  line,  from  the 
frontal  to  the  occipital  bone. 

The  "  frontal  suture  "  is  formed  by  the  union  of  the  two  halves 
of  the  frontal  bone.  It  runs  down  the  middle  of  the  forehead, 
from  the  sagittal  suture  to  the  root  of  the  nose.  It  always  exists 
in  infancy  and  childhood,  but  is  generally  obliterated  in  the  adult. 

The  "lambdoid  suture"  (Grreek  letter  A)  (occipito-parietal) 
tmites  the  two  parietals  to  the  occipital  bone. 

The  "  occipito-mastoid  suture,"  f  apparently  a  continuation  of  the 


*  Skilful  as  lie  was,  Hippocrates  once  mistook  a  natural  suture  of  the  skull  for  a 
fracture,  and  was  afterwards  so  ingenuous  as  to  leave  his  mistake  on  record.  On 
this,  Celsus  observes :  "  A  suturis  se  deceptum  esse  Hippocrates  memoriie  prodidit, 
more  scilicet  magnorum  virorum,  et  fiduciam  magnarum  rerum  habentium.  Nam 
levia  ingenia,  quia  nihil  habent,  nihil  sibi  detrahunt :  magno  ingenio,  multaque  nihilo- 
m'iniis  habituro,  convenit  etiam  simplex  veri  en-oris  confessio;  priecipueque  in  eo 
ministerio  quod  utilitatis  causa  posteris  traditur,^  ne  qui  decipiantur  eadem  raiione, 
qua  quis  ante  deceptus  est."  (liber  viii.  cap.  iv.) 

f  The  old  anatomists  caU  this  the  "  additamentum  suturte  lambdoidfJis."  This 
old  name,  as  weU  as  others  mentioned  in  the  text,  e.  g.  "  Coronal,"  "  Sagittal,"  and 
"Lambdoid,"  are  gradualljr  falling  into  disuse,  and  giving  place  to  more  appro- 
priate terms,  derived  from  the  bones  connected,  as,  "  iutcr-parictal,"  "ft-onto- 
parietal,"  &c. 
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lambdoid,  connects  tlie  occipital  with  the  mastoid  portion  of  the 
temporal  bone. 

The  mastoid  part  of  the  temporal  is  connected  to  the  posterior 
inferior  angle  of  the  parietal  bone  by  the  «  masto-parietal  suture." 

The  squamous  part  of  the  temporal  is  connected  to  the  parietal 
bone  by  the  "squamous  suture"  (squamo-parietal) ;  and  to  the 
great  wing  of  the  sphenoid  by  the  « squamo-sphenoidal"  suture. 
Concerning  these  connections,  we  must  observe  the  great  extent  to 
which  the  squamous  bone  overlaps  the  parietal;  an  adaptation 
which  mainly  strengthens  the  arch  of  the  skull  at  the  sides,  and 
prevents  the  lateral  expansion  of  the  buttresses. 
Wormian  bones.  In  the  mastoid  suture  more  frequently  than  in 
any  other,  we  meet  with  what  are  termed  "  Wor- 
mian* bones,"  or  "  ossa  triquetra."  They  are  like  little  islands  of 
bone  developed  from  distinct  centres,  in  the  membrane  which  con- 
nects the  cranial  bones.  They  vary  in  number  and  size.  In  the 
museum  of  the  College  of  Surgeons  there  is  the  hydrocephalic 
skull  of  an  adult  (from  the  collection  of  the  late  Mr.  Listen),  in 
which  there  are  upwards  of  one  hundred  of  these  little  bones. 

Of  the  sutures  which  connect  the  bones  of  the  cranium  with  the 
face,  there  is  one  which  deserves  notice,  as  being  very  comprehen- 
sive. It  is  called  the  "transverse  frontal  suture."  It  extends 
from  the  external  angular  process  of  the  frontal  bone,  from  one 
side  to  the  other,  across  both  orbits'  and  the  root  of  the  nose 
(Plate  XIII.).  It  connects  the  frontal  with  the  malar,  sphenoid, 
ethmoid,  lachrymal,  superior  maxillary,  and  nasal  bones.  Other 
short  sutures,  such  as  the  "  spheno-malar,"  "  spheno-parietal," 
"zygomatic,"  &c.  speak  for  themselves. 

We  said  that  a  knowledge  of  the  sutures  concerns  midwifery. 
It  enables  us  to  say  which  way  the  head  of  the  child  is  presenting. 
If  we  feel  the  meeting  of  the  three  sutures  at  the  top  of  the 
occipital  bone,  we  know  the  back  of  the  head  presents ;  if,  on  the 
other  hand,  we  feel  the  "  anterior  fontanelle,"  or  lozenge-shaped 


•  So  called  after  Olaus  Wormius,  a  physician  of  Copenhagen,  to  whom  the  first 
description,  of  these  "  complementary  "  bones  has  been  assigaed,  —  but  erroneously: 
they  were  known  to  Eustachius  and  Paracelsus. 
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space  where  four  sutures  meet,  we  know  it  is  a  forehead  presenta- 
tion. 

THE  SKULL-CAP. 

Outer  surface.  The  skull-cap  is  composed  of  the  expanded  arches 
of  three  of  the  cranial  vertebrae,  and  forms  a 
beautiful  oval  dome  for  the  protection  of  the  brain.  We  all  know 
the  outward  form  of  the  head  and  that  the  greatest  breadth  of  it  is 
about  the  parietal  protuberances.  In  a  well  formed  European 
head,  if  we  look  at  the  dome  of  the  skull-cap  from  above,  (the 
beginning  of  the  sagittal  suture  being  in  the  centre  of  the  per- 
spective plane)  we  see  scarcely  anything  but  the  smooth  expanded 
vault  of  the  cranium.  But  in  the  Negro  and  the  Australian,  the 
narrowness  of  the  temples  allows  the  zygomata  to  come  into  view, 
and  in  the  most  "prognathous  "  examples,  the  incisor  teeth  appear 
in  front  of  the  frontal  sinuses.  On  the  outer  surface  of  the  skull-cap 
there  are  a  multitude  of  minute  foramina,  which  transmit  blood- 
vessels from  the  pericranium  into  the  substance  of  the  bone.  Hence, 
if  this  membrane  be  torn  off  during  life,  the  bone  bleeds  through 
minute  pores.  We  observe  on  each  side  of  the  sagittal  suture  the 
«  foranien  parietale,"  which  transmits  a  vein  from  the  outside  into 
tte  great  longitudinal  sinus :  sometimes  a  small  artery  runs  with 
it,  and  communicates  with  a  branch  of  the  middle  meningeal. 
Along  the  side  of  the  skull-cap  we  observe  the  curved  line  called 
the  temporal  ridge  (Plate  XIV.).  It  indicates  the  attachment  of 
the  temporal  aponeurosis,  and  runs  along  the  side  of  the  frontal  and 
parietal  bones.  The  ridge  circu.mscribes  the  "temporal  fossa" 
which  is  formed  by  the  frontal,  parietal,  temporal,  sphenoid, 
and  malar  bones.  The  fossa  gives  origin  to  the  temporal  muscle, 
of  which  the  tendinous  rays,  converging  beneath  the  zygoma,  are 
inserted  into  the  coronoid  process  of  the  lower  jaw.  The  size  of 
the  temporal  fossa  in  all  animals  depends  upon  the  size  of  the 
temporal  muscle.  Hence  it  is  largest  in  the  carnivora.  In  these 
animals  the  fossa  occiipies  the  whole  side  and  upper  part  of 
the  skull,  and  is  increased  in  extent  by  bony  ridges  growing  from 
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the  frontal,  parietal,  and  occipital  bones ;  so  that  their  enormous 
temporal  muscle  almost  completely  covers  the  cranium.^ 

Inner  surface.  On  the  inner  surface  of  the  skull-cap  we  observe 
— 1,  the  groove  in  the  middle  line,  which  gradually 
becomes  broader  as  we  trace  it  backwards,  for  the  great  longita- 
dinal  sinus ;  2,  on  either  side  of  this,  especially  in  old  skulls,  there 
are  a  number  of  irregular  excavations,  occasioned  by  the  "so- 
called  "  glands  of  Pacchioni ;  *  3,  grooves  for  the  ramifications  of 
the  "  arteria  meningea  media."  The  main  groove,  at  first  perhaps 
a  complete  canal,  is  seen  at  the  anterior-inferior  angle  of  the  parietal 
bone ;  from  thence  we  trace  its  wide-spreading  branches  over  the 
frontal  and  parietal  bones :  one  of  very  considerable  size  often 
traverses  the  posterior-inferior  angle  of  the  parietal.  The  surgical 
interest  attached  to  these  groups  is — 1,  that  we  ought  not  to  apply 
a  trephine  in  the  course  of  them ;  2,  that,  in  fractures  of  the  skull, 
the  arteries  ruiming  in  them  are  liable  to  be  injured,  and  thus 
occasion  an  effusion  of  blood  between  the  bone  and  the  dura 
mater,  producing  compression  of  the  brain. 

Thickness  of  The  skull-cap  differs  in  thickness  in  different 
the  skuU  cap.  parts.  This  i§  easily  ascertained  by  holding  it  to 
the  light.  As  a  general  rule,  it  is  thicker  in  parts  which  are 
most  exposed  to  injury, — as  at  the  frontal,  parietal,  and  occipital 
eminences,  also  along  the  course  of  the  longitudinal  sinus.  If  one 
were  asked,  what  is  about  the  ordinary  thickness  of  an  adult  skull, 
one  would  say,  about  one-fifth  of  an  inch.  But  then  it  would  be 
right  to  add,  that  it  varies  very  much  at  different  periods  of  life. 
In  the  anatomical  museum  at  Pavia  there  is  the  skull-cap  of  a 
child,  in  which  a  hole  was  picked  by  the  beak  of  an  angry  cock. 
Whoever  is  in  the  habit  of  making  post-mortem  examinations  will 
soon  observe  how  much  skulls  vary  in  thickness,  even  in  persons  of 
the  same  age,  and  this  without  any  obvious  reason  to  account  for 
it.  G-enerally  speaking,  any  cause  which  produces  a  chronic  con- 
gestion of  the  vessels  of  the  head,— such  as  habits  of  intemperance, 
—will  increase  the  thickness  of  the  skull.  For  the  same  reason 
constant  exposure  to  the  action  of  the  sim  will  thicken  and 

•  These  arc  not  true  glands,  but  fleshy  excrescences  from  the  surface  of  the  dura 
mater.  ^ 
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indurate  the  skull-cap.  The  pathology  of  "Herodotus"*  is  very 
sovind  when  he  says  that  "  the  Egyptians  have  thick  skulls  because 
they  expose  their  shorn  heads  to  the  heat  of  the  sun ;  whereas  the 
Persians  have  thin  and  soft  skulls,  because  they  cover  them  with 
turbans  from  infancy."  A  severe  blow  may  thicken  the  skull."  Mr. 
Quekett  has  in  his  possession  part  of  a  skull-cap  nearly  an  inch  in 
thickness.  It  belonged  to  a  gentleman  who  received  a  blow  on 
his  head  some  years  before  his  death.  He  recovered  perfectly,  to 
all  appearance,  from  the  effects  of  the  injury.  By  and  by, 
however,  his  head  began  to  grow  larger; — but  this,  strange  to  say, 
was  first  discovered  by  his  hatter,  who  found  it  necessary  from  time 
to  time  to  give  him  a  larger  hat. 

In  very  old  persons,  the  skull-cap,  owing  to  the  absorption  of 
the  dipioe,  becomes  in  some  parts  not  thicker  than  a  shilling.  Not 
only  the  skull,  but  aU  the  bones  become  much  lighter  in  old  age. 
Soemmerring  says  the  skiill  of  a  centenarian  is  two-fifths  lighter 
than  in  middle  age.  There  may  be  some  truth  in  the  mediaeval 
saying  that  "  old  witches  do  not  sink  in  water." 

The  inner  surface  of  the  skull-cap  is  marked  by  the  cerebral 
convolutions,  so  that  it  takes  a  pretty  accurate  impression  of  the 
brain.    But  it  cannot  be  said  with  truth  that  a  particular  impres- 
sion on  the  inner  surface  has  a  corresponding  bump  outside.  A 
glance  at  any  skull-cap  is  sufficient  to  prove  this.   The  depressions 
occasioned  by  the  convolutions  take  place  at  the  expense  of  the 
dipioe ;  and  even  the  external  bumps  are  often  caused  by  a  mere 
thickening  of  the  outer  table.    On  the  other  hand  it  holds  good, 
as  a  general  rule,  that  the  external  form  and  dimensions  of  the 
cranium  may  be  taken  as  a  general  expression  of  the  correspond- 
ina  lobe  of  the  brain,  whether  in  the  frontal,  the  parietal,  or 
the  occipital  region.    The  general  characters  of  the  brain,  then, 
may  be  ascertained  by  external  examination,  but  not  the  mdividual 
detail. 

Veins  of  the         The  dipioe  of  the  skull-cap  is  traversed  by  nu- 
dlploT  merous  venous  canals.     These,  as  sho^vn  in  the 

adjoining  cut  (fig.  17),  axe  of  considerable  size,  and  are  best  dis- 


*  Thalia,  xii. 
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played  by  filing  off  the  outer  table.  Their  course  is  by  no  means  so 
regular  as  they  are  commonly  drawn ;  but,  in  a  general  way,  we  may 
speak  of  the  frontal, 
temporal,  and  occipital 
"  diploic  "  veins.  The 
two  former  discharge 
their  blood  into  the  veins 
on  the  outside  of  the 
cranium ;  the  latter  ge- 
nerally opens  into  the 
lateral  sinus.  After  in- 
jm-ies  of  the  head,  these 
veins  are  liable  to  in- 
flammation, and  thus 
give  rise  to  pus  in  the  ^^1^^°^- 
diploe,  accompanied  with  all  the  disastrous  effects  of  phlebitis. 
This  suppuration  in  the  diploe,  explains  the  hitherto  inexplicable 
occurrence  of  visceral  abscesses,  especially  hepatic  after  injuries  of 
the  head, — a  circumstance  which  had  not  escaped  the  notice  of 
the  old  surgeons. 


Sase  of  tee  skull  as  seen  feom  within. 

By  referring  to  Plate  XVII.  it  will  be  observed  that  the  base  of 
the  skull  presents  on  each  side  three  fossae, — an  anterior,  middle, 
and  posterior,— respectively  corresponding  to  the  anterior  and 
middle  lobes  of  the  cerebrum,  and  to  the  cerebellum.  These  several 
fossae  are  marked  by  the  cerebral  convolutions,  just  as  much  as  the 
skuU-cap ;  but  phrenologists  take  no  notice  of  these  convolutions, 
and  have  omitted  to  assign  any  office  to  them.  All  their  "  organs  " 
are  placed  at  the  top  and  sides  of  the  brain ;— why  are  there  none 
at  the  base  ? 

Anterior  fossa       The  anterior  fossa  of  the  cranium  is  formed  by 
of  the  cranium,   the  orbital  plate  of  the  frontal  and  the  lesser  wino- 
of  the  sphenoid.    Between  the  orbital  plates  we  observe  the  cribrit 
form  plate  of  the  ethmoid,  which  supports  the  olfactory  lobes.  The 
pomts  to  be  noticed  in  this  fossa  are  as  follow :— 1.  The  «  foramen 
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coecum,"  which,  if  pervious,  generally  transmits  a  vein  from  the 
nose  into  the  longitudinal  sinus :  2.  The  groove  for  the  "  anterior 
meningeal  artery,"  one  of  the  secondary  branches  of  the  ophthalmic  : 

3.  The  "  crista  galli,"  which  gives  attachment  to  the  falx  cerebri : 

4.  The  slit  for  the  "  nasal  nerve,"  a  branch  of  the  first  division  of 
the  fifth  nerve :  5.  The  "  olfactory  tjanals,"  which  give  passage  to 
the  filaments  of  the  olfactory  ganglion:  6.  The  "  foramen  opticum," 
which  transmits  the  optic  nerve  and  ophthalmic  artery:  7.  The 
"olivary  process,"  which  supports  the  commissure  of  the  optic 
nerves :  8.  The  "  anterior  clinoid  process,"  which  gives  attachment 
to  the  tentorium  cerebelli. 

Middle  fossa  The  middle  fossa  of  the  cranium  supports  the 
of  the  cranium,  middle  cerebral  lobe,  and  is  formed  by  the  great 
wing  of  the  sphenoid,  the  squamous  and  petrous  portions  of  the 
temporal  bone.  The  points  to  be  noticed  in  this  fossa  are  as 
follow : — "  The  sphenoidal  fissure  "  between  the  wings  of  the  sphe- 
noid leads  to  the  orbit,  and  transmits  the  3rd,  the  4th,  the  first 
division  of  the  5th,  and  the  Bth  nerves,  also  some  filaments  of  the 
sympathetic  and  the  ophthalmic  vein.  The  "  foramen  rotimdum  " 
gives  passage  to  the  superior  maxillary,  or  second  division  of  the 
5th  nerve.  The  "foramen  ovale"  gives  passage  to  the  inferior 
maxillary  or  third  divison  of  the  5th  nerve,  and  also  to  the  arteria 
meningea  parva.  The  "  foramen  spinosum "  gives  passage  to  the 
arteria  meningea  media  and  its  two  veins ; — the  main  trunk  of  this 
artery  grooves  the  squamous  part  of  the  temporal  and  the  anterior- 
inferior  angle  of  the  parietal  bone.  The  "  foramen  lacermn 
medium"  is  blocked  up,  in  the  recent  state,  by  fibro-cartilage : 
through  this  cartilage  the  Vidian  nerve  enters  the  skull.  The 
internal  carotid  artery  also  passes'  through  it.  At  the  apex  of  the 
petrous  portion,  of  the  temporal  bone  is  the  termination  of  the 
"  carotid  canal "  through  which  the  carotid  artery  enters  the  skull : 
the  artery  then  winds  along  the  groove  on  the  side  of-  the  body  of 
the  sphenoid.  In  the  centre  of  the  sphenoid  is  the  "  pituitary 
fossa,"  for  the  reception  of  the  pituitary  gland.  The  "posterior 
clinoid  process  "  gives  attachment  to  the  "tentorium*  cerebelli,"  a 

*  This  "tentorium"  is  ossified  in  the  seal  tribe  and  in  the  carnivorous  mam- 
malia. 
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process  of  the  dura  mater  which  supports  the  posterior  lobes  of 
the  brain. 

Posterior  fossa       The  posterior  fossa  is  the  largest  and  deepest  of 
of  the  Cranium,  ^j^g  three  cranial  fossae,  and  is  formed  by  the  occi- 
pital bone,  the  petrous  and  mastoid  parts  of  the  temporal  bone.  It 
supports  the  cerebellum.    Proceeding  from  before  backwards,  we 
observe,  in  the  middle  line,  the  "  basilar  groove,"  which  supports 
the  medulla  oblongata  and  the  pons.    On  each  side  of  this  is  the 
groove  for  the  "inferior  petrosal  sinus."    Along  the  top  of  the 
petrous  bone  is  the  groove  for  the  "  superior  petrosal  sinus."  Both 
these  sinuses  terminate  in  the  great  lateral  sinus,  which  is  seen 
grooving,  successively,  the  occipital,  posterior-inferior  angle  of  the 
parietal,  mastoidpart  of  the  temporal,  and,  last  of  all,  the  jugular- 
process  of  the  occipital  bone.    Behind  the  basilar  process  is  the 
"  foramen  magnum,"  which  transmits  the  spinal  cord  and  its  mem- 
branes, the  vertebral  arteries,  and  the  spinal  accessory  nerves.  On 
each  side  of  the  foramen  magnum  are  the  "  condyloid  foramina,"  of 
which  the  "  anterior  "  transmits  the  hypoglossal  or  9th  nerve  (motor 
nerve  of  the  tongue) ;  the  "  posterior,"  a  vein  from  the  outside  of 
the  skull  into  the  lateral  sinus.     The  "mastoid  foramen"  also 
transmits  a  vein  from  without  into  the  lateral  sinus.     At  the  back 
part  of  the  petrous  bone  there  is  the  "  meatus  auditorius  internus," 
which  transmits  the  7th  pair  of  nerves  and  the  auditory  artery. 
The  "  aqueductus  vestibuli "  transmits,  if  any  thing,  a  small  vein 
from  the  vestibule  of  the  ear.     Lastly,  the  "foramen  lacerum 
posterius  "  transmits  the  blood  from  the  lateral  sinus  into  the  inter- 
nal jugular  vein,  and  also  the  three  divisions  of  the  8th  nerve. 
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BASE  OF  THE  SKULL  AS  SEEN  EROM  BELOW. 
(Plates  XVIIL  XIX.) 

The  base  of  the  skull  comprises  such  a  wide  area,  that  it  is  de- 
sirable to  draw  certain  Hmitary  lines.  If,  then,  a  line  be  drawn 
from  the  first  incisor  tooth  on  each  side,  backwards  to  the  mastoid 
process,  and  another  transversely,  from  one  mastoid  process  to  the 
other,  we  shaU  describe  a  triangle  within  which  are  contamed  all 
the  parts  usually  spoken  of  as  at  the  base  of  the  skull. 

Palate  Commencing  at  the  front,  we  observe  the  arch 

of  the  "  hard  palate,"  formed  by  the  superior  max- 
illary and  palate  bones :  its  "middle"  and  « transverse"  sutures 
cross  each  other  at  right  angles.    A  pin  introduced  at  the  pomt  of 
crossing  would  touch  five  bones,  the  5th  being  the  vomer.  Gene- 
rally  speaking,  when  the  palate  presents  a  fine  arch,  free  from 
contraction  in  any  direction,  the  voice  is  clear  and  sonorous.  The 
best  singers  have  always  well-formed  palates.    Observe  how  rugged 
its  surface  is  for  the  lodgment  of  the  palatine  glands,  and  how  it  is 
■  riddled  with  minute  holes  for  the  passage  of  blood  vessels.  Behind 
the  incisor  teeth  is  the  «  anterior  palatine  canal."    This  is  a  single 
orifice  below,  but  double  above,  so  as  to  open  separately  mto  each 
nostril.     It  transmits  the  anterior  palatine  vessels  and  nerves 
Near  the  last  molar  tooth  is  the  «  posterior  palatme  canal,  formed 
conjointly  by  the  palate  and  superior  maxillary  bones :  and  from 
this  we  trace  forwards  the  "palatine  groove"  for  the  lodgment  of 
the  posterior  palatine  vessels  and  ^^f  fj^./;,^^^^ 

"ridge"  on  the  palate-bone  for  the  attachment  of  the  tensoi 
p^^ati,"  and  the  "posterior  nasal  spine,"  to  which  is  attached  the 
"azygos  uvulae"  musde 
PoBleriot  openings      Betimcl  me  paiaie  w 

of  nose.  openmgs  of  the  nasal  fossae,"  separated  ty  the 

'  starp  edge  of  the  Vomer.  Each  opemng  is  sOIae^vhat  oval,  about 
f:\oh  in  the  long  diameter  and  half  an  inch  h.  the  ransve- 
We  shonld  remember  this  in  plnggmg  the  nostrj  «  -  '">™^;^ 
above,  by  the  body  of  the  sphenoid  and  the  spheno.dal  process 
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of  the  palate  bone ;  below  by  the  horizontal  plate  of  the  palate ; 
outside  by  the  internal  pterygoid  plate  of  the  sphenoid ;  and 
inside,  by  the  vomer.    On  the  roof  of  each  we  notice  the  ex- 
panded "wings"  of  the  vomer,  which  receive  between  them  the 
"  rostrum"  of  the  sphenoid ;  and  also  the  "  pterygo-palatine  canal." 
This,  as  its  name  implies,  is  formed  conjointly  by  the  "  pterygoid 
plate  of  the  sphenoid  and  the  sphenoidal  process  of  the  palatine 
bone,  and  transmits  nothing  of  importance  beyond  a  branch  of  the 
internal  maxillary  artery  to  the  top  of  the  pharynx. 
Pteiygoid  region.      On  each  side  of  the  nasal  openings  are  the 
"pterygoid  processes"  of  the  sphenoid.  These 
pterygoid  processes  answer  three  purposes:  —  1.  They  bpund  the 
posterior  openings  of  the  nose.    2.  They  act  as  buttresses  to  sup- 
port the  upper  jaw-bones  behind.    3.  They  serve  for  the  origin  of 
the  powerful  pterygoid  muscles  which  grind  the  food.    From  the 
pterygoid  fossa,  or,  more  strictly,  from  the  inner  surface  of  the 
external  pterygoid  plate,  arises  the  "  pterygoideus  intemus  ;"  while 
the  outer  surface  of  the  same  plate  gives  origin  to  the  "pterygoi- 
deus extemus."    At  the  base  of  the  internal  plate  is  the  scaphoid 
fossa,  for  the  origin  of  the  "tensor  palati;"  and  at  the.apex  is  the 
beautiful  pulley,  termed  the  "  hamular  process,"  roimd  which  the 
tendon  of  this  muscle  turns.    Besides  this,  the  hamular  process 
gives  origin  to  part  of  the  "  superior  constrictor  "  of  the  pharynx. 
Immediately  above  the  "  scaphoid  fossa,"  we  notice  the  posterior 
orifice  of  the  Vidian  canal. 

Proceeding  backwards  from  the  base  of  the  pterygoid  processes, 
we  come  next  upon  the  great  foramina  at  the  base  of  the  skull,' 
most  of  which  we  have  already  seen  in  the  examination-  of  the  base 
from  within.  In  the  great  wing  of  the  sphenoid  there  is  the 
"foramen  ovale;"  behind  this  is  the  "foramen  spinosum;"  and 
still  farther  back  is  the  apex  of  the  wing,  termed  the  "spinous 
process,"  which  is  wedged  between  the  squamous  and  petrous  bones 
andgivesattachment  to  the  internal  lateral  ligament  of  the  lower  jaw 
J^rom  the  spmous  process  we  trace  outwards  the  "glenoid  fissure  " 
which  runs  across  the  glenoid  cavity  of  the  temporal  bone.  Between 
the  sphenoid  and  petrous  bones  is  the  canal  for  the  "Eustachian 
tube,  which  IS  completed  in  the  recent  state  by  fibro-cartilaae. 
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Petrous  region.       The  petrous  portion  of  the  temporal  bone  is 
wedged  in  between  the  sphenoid  and  the  basilar 
process  of  the  occipital.    Observe  that  the  apes  of  the  wedge  is 
cut  short,  so  that  an  irregular  opening  remains  between  the  three 
bones,  termed  the  "  foramen  lacerum  medium."    Eemember  that 
in  the  perfect  skull  this  space  is  filled  with  cartilage,  which  serves 
the  important  purpose  of  breaking  shocks  transmitted  to  the  base, 
and  remember  too  that  through  this  cartilage  pass  the  internal, 
carotid  artery  and  the  Vidian  nerve.    The  apex  of  the  petrous  bone 
gives  origin  to  the  "tensor  tympani "  and  " levator  palati"  mus- 
cles.   In  the  middle  of  the  petrous  bone  is  the  wide  orifice  of  the 
carotid  canal  which  transmits  the  carotid  artery.    Trace  this  canal, 
and  you  will  find  that  it  does  not  enter  the  skull  direct,  but  ascends 
for  a  short  distance,  and  then  runs  horizontally  forwards  and  inwards 
through  the  petrous  bone,  till  it  opens  at  the  apex  into  the  foramen 
lacerum.     Thus  the  carotid  artery  has  to  make  two  curves,  like  the 
letter  S,  before  it  enters  the  skull, — the  first  curve  in  the  bony  canal^ 
and  the  second  through  the  cartilage  which  fills  up  the  foramen 
lacerum.  This  disposition  of  the  great  arteries  at  the  base  is  intended 
to  check  the  impetuosity  of  the  blood  on  its  passage  to  the  brain. 

Behind  the  carotid  canal  is  the  "foramen  lacerum  posterius," 
or  "  foramen  jugulare,"  another  irregular  opening  left  between  the 
petrous  and  occipital  bones.  The  size  and  shape  of  it  is  subject  to 
great  variety*;  but  it  is,  generally,  divided  by  a  projecting  tongue 
of  bone  into  an  anterior  part,  which  transmits  the  8th  pair  of 
nerves,  and  a  posterior,  which  is  by  far  the  larger,  for  the  passage 
of  the  blood  from  the  lateral  sinus  into  the  commencement  of  the 
internal  jugular  vein. 

Outside  the  foramen  lacerum  posterius  is  the  "  styloid  process," 
projecting,  more  or  less,  beyond  the  "vaginal  process"  at  its  root. 
Behind  this,  is  the  "  stylo-mastoid  foramen,"  through  which  the 
facial  nerve  emerges  ;  and  still  farther  back  is  the  mastoid  process 
and  the  digastric  groove  for  the  origin  of  the  digastric  muscle. 
Basilar  process.  Lastly,  we  have  to  notice  how  the  basilar  process 
of  the  occipital  bone  projects  into  the  base  of  the 

*  From  an  examination  of  many  skulls,  I  find  that  the  right  jugular  foramen  is 
larger  thau  the  left  in  point  of  frequency  as  2  :  1. 
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skull,  so  as  to  be  joined  to  the  body  of  the  sphenoid.  Here  it 
forms  the  roof  of  the  pharynx.  This  relation  is  of  practical  . 
importance.  It  is  well  to  know  that  the  basilar  process  is  within 
reach  of  the  finger  introduced  into  the  mouth,  and  that  we  can 
explore  it  satisfactorily,  so  as  to  determine  how  far  a  polypus  may 
be  connected  with  it.  It  affords  insertion  to  the  "  rectus  capitus 
anticus  major "  and  "  minor,"  and  (by  means  of  a  little  tubercle) 
to  the  "  superior  constrictor  "  of  the  pharynx.  Behind  the  basilar 
process  is  the  "  foramen  magnum."  On  each  side  of  this  are  the 
"  condyles  "  of  the  occiput,  with  the  "  anterior  "  and  "  posterior 
condyloid  "  foramina ;  and  on  the  outside  of  each  condyle  is  the 
jugular  eminence,  which  gives  insertion  to  the  "  rectus  capitis 
lateralis." 

Position  of  the  In  a  well-formed  European  skull,  the  plane  of 
occipital  foramen,  ^he  occipital  foramen  is  horizontal,  and  its  anterior 
extremity  is  about  half  way  between  the  tuberosity  of  the  occipital 
bone  and  the  incisors  of  the  upper  jaw.  This  central  position  of 
the  occipital  foramen  and  the  condyles  is  one  of  the  great  pecu- 
liarities of  man,  who  is  destined  to  stand  erect.  His  head,  there- 
fore, is  almost  equally  balanced  on  the  top  of  the  spine.  In 
monkeys,  who  hold  a  middle  rank  between  man  and  quadrupeds, 
the  foramen  magnum  is  placed  farther  back  :  in  the  orang  outan, 
it  is  about  twice  as  far  from  the  foramina  incisiva  as  from  the  back 
of  the  head.  Consequently,  although  monkeys  can  stand  erect  for 
a  time,  they  cannot  do  so  long.  In  quadrupeds,  again,  the  foramen 
magnum  is  still  nearer  to  the  back  of  the  head,  and  its  plane  forms 
a  considerable  angle  with  the  horizon.  The  weight  of  the  head  in 
quadrupeds  is  sustained  not  by  the  spine,  but  by  an  elastic  ligament 
of  great  strength  (Kgamentum  nucha;),  which  arises  from  the  lofty 
spines  of  the  dorsal  vertebrae,  and  is  fixed  to  the  middle  of  the 
occiput.  This  ligament,  as  we  may  imagine,  is  immensely  strong 
in  the  elephant.  A  beautiful  example,  this,  of  nature's  economy. 
She  accomplishes,  by  a  lowly  organised  structm-e,  an  object  which 
must  otherwise  have  been  gained  by  powerful  muscles  well  supplied 
with  blood  and  nerves.  In  other  words,  she  does  by  mechaaiical 
force,  what  must  otherwise  have  been  done  by  vital  force. 
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TEMPOEAL  AND  ZYGOMATIC  AND  SPIIENO-MAXILLART  FOSSAE. 

The  temporal  fossa,  of  which  the  description  has  already  been 
giveA  (page  108),  leads  into  the  zygomatic  fossa,  the  boundary 
between  them  being  a  crest  of  the  sphenoid  bone. 

The  "zygomatic  fossa"  is  bounded  externally  by  the  zygomatic 
arch,  which  not  only  serves  as  a  strong  buttress  to  support  the 
bones  of  the  face,  but  also  to  give  origin  to  the  powerful  "masseter  " 
muscle  which  closes  the  jaw.*  In  front  of  the  fossa  there  is  the 
back  part  of  the  superior  maxilla ;  and,  at  the  bottom  of  it,  the 
outer  pterygoid  plate  of  the  sphenoid,  which  gives  origin  to  the 
external  pterygoid  muscle.  At  the  deepest  part  of  the  fossa  we 
observe  two  wide  fissures :  one,  nearly  horizontal,  leads  into  the 
orbit,  and  is  called  the  « spheno-maxillary  fissure;"  the  other, 

Spheno-masil-  nearly  vertical,  leads  to  the  « spheno-maxiUary 
lary  fossa.  fossa."     Now  this  fossa  deserves  particular  notice, 

not  from  any  surgical  importance,  but  because  there  are  five 
openings  into  it  (Plate  XX.).  Observe,  first,  its  botmdaries.  In 
front  it  is  bounded  by  the  back  of  the  superior  maxilla,  behind 
by  a  smooth  surface  at  .  the  base  of  the  pterygoid  process,  and  it 
is  separated  from  the  nasal  fossae  by  the  perpendicular  plate  of 
the  palate  bone. 

The  five  openings  into  the  sphend-maxillary  fossa  are  as  follow : — ■ 

ErvTE  Openings  into  Spheno-Maxiixabt  Fossa. 

'Nasal  branch  of  spheno -palatine 
ganglion. 
Nasal  branch  of  internal  maxil- 
lary artery. 
Posterior    palatine   artery  and 
nerve. 

Superior  maxillary  ncr\'c,  or  se- 
cond division  of  fifth  pair. 
Vidian  artery  and  nerve. 
Pterygo-pnlatirie  branch  of  inter- 
nal maxillary  artery. 


transmits  into  the 

1. 

Spheno-palatine  foramen 

nasal  fossa 

transmits  to  the  r 

2. 

Posterior-palatine  canal  . 

palate   .       .  \ 

3. 

Foramen  rotundura 

transmits  .  . 

4. 

Vidian  canal  . 

transmits  .  • 

5. 

Ptergo-palatine  foramen . 

transmits  .       .  ^ 

*  The  zygomatic  arch,  in  aU  animals,  bears  a  direct  proportion  to  the  s.ze  of  the 
muscls  of  tie  jaw  and  tie  character  of  the  teeth.  It  is  most  strongly  -arked  /n^^e 
TaWvora  In  hem  it  is  arched  both  in  the  horizontal  and  the  vertical  d.rcct,on  to 
SvTxnore  room  for  the  temporal  muscle,  and  more  power  to  the  massete.-  In  the 
ant-eater,  which  has  no  teeth,  there  is  no  zygoma. 
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THE  ORBITS. 

The  orbits,  or  sockets  for  the  eyes,  may  be  compared  to  crypts 
excavated  beneath  the  cranium  (Plate  XX.  a).  To  use  the  words 
of  Sir  Charles  Bell,  "  these  imder  arches  are  groined ; "  that  is  to 
say,  they  are  provided  with  strong  ribs  of  bone,  so  that  there  is  no 
need  of  thick  bone  in  the  interstices  of  the  groinings.  The  plate 
between  the  eye  and  the  brain  is  as  thin  as  parchment :  but  look 
how  strong  is  the  arch  forming  the  orbital  margin,  and  what  a 
strong  ridge  of  bone  runs  up  from  the  zygoma,  like  a  buttress  to 
support  the  side  of  the  arch.  When  the  eye  is  retracted  in  its 
socket,  the  margin  of  the  orbit  is  more  than  strong  enough  to 
protect  it  from  the  effects  of  violence. 

Each  orbit  is  of  a  pyramidal  form,  with  the  apex  behind.  Their 
axes  are  not  parallel,  but,  if  prolonged,  would  pass  through  the 
optic  foramina,  and  meet  behind  the  pituitary  fossa  of  the  sphenoid. 
This  divergence  gives  us  a  greater  range  of  vision. 

Upper  wall  of  The  upper  wall  of  the  orbit  is  slightly  arched, 
and  formed  by  the  frontal  bone  and  lesser  wing  of 
the  sphenoid  bone.*  On  this  wall  we  have  to  observe — 1,  the 
optic  foramen ;  2,  the  fossa  beneath  the  external  angular  process 
for  the  lachrymal  gland ;  3,  the  little  depression  for  the  pulley  of 
the  "  superior  oblique "  muscle ;  4,  the  supra-orbital  foramen  or 
notch,  situated  at  the  junction  of  the  inner  with  the  middle  third 
of  the  orbital  margin. 

Lower  wall  of  The  lower  wall  of  the  orbit  slopes  downwards  and 
outwards,  and  is  formed  by  the  orbital  plate  of  the 
superior  maxilla,  by  part  of  the  malar  bone,  and  behind  by  the 
orbital  plate  of  the  palate  bone.  On  this  wall  there  is  nothing  to 
observe,  except  the  groove  for  the  infra-orbital  nerve. 

Inner  wall  of  The  iimer  wall  (Plate  XX.)  is  formed  by  the 
nasal  process  of  the  superior  maxilla,  by  the  lachry- 

*  The  orbital  plates  of  the  frontal  bone  are  more  or  less  arched  in  different  skulls 
Of  course  the  more  they  are  arched,  the  more  they  encroach  on  the  cranial  space,  and' 
the  less  room  there  is  for  the  anterior  lobes  of  the  brain.  Compare  the  skull  of  a 
monkey  with  that  of  man  in  this  respect,  and  you  will  observe  a  marked  difference. 
Phrenologists  place  the  organ  of  language  in  that  part  of  the  brain  which  rests  on  the 
orbital  plates ;  and  the  gift  of  languages,  they  saj^  is  denoted  by  prominent  eyes. 
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mal,  the  os  planum  of  the  ethmoid,  and  part  of  the  body  of  the 
sphenoid  bone.    Here  we  have  to  observe  the  groove  for  the  nasal 
duct,  or  canal,  formed  conjointly  by  the  nasal  process  of  the 
superior  maxilla,  the  lachrymal,  and  the  inferior  spongy  bone.  Its 
direction  is  downwards,  backwards,  and  a  little  outwards,  and  it 
leads  into  the  inferior  meatus  of  the  nose.    Besides  this,  there  is 
the  "  foramen  orbitale  anterius"  and  "  posterius." 
Outer  wall  of      The  outer  wall  of  the  orbit  is  formed  by  the 
malar  bone  and  the  orbital  plate  of  the  great  wing 
of  the  sphenoid.    Here  we  notice  one  or  two  small  foramina  (malar 
canals),  which  transmit  small  nerves  from  the  orbit  to  the  cheek 
and  temple.    Observe  that  the  outer  wall  of  the  orbit  recedes  more 
than  the  other  parts  of  its  circumference,  in  order  to  give  a  greater 
range  of  vision  externally.    This  range  is  of  such  an  extent  that  by 
simply  rotating  the  head  on  each  side  of  the  spine,  we  can  see  all 
around. 

Thus,  seven  bones  enter  into  the  composition  of  each  orbit: 
namely — the  frontal,  ethmoid,  and  sphenoid,  the  superior  maxilla, 
the  malar,  the  lachrymal,  and  the  palate:  but  there  are  only 
eleven  bones  in  the  two  orbits,  since  three  bones  are  common  to 
both  orbits. 

Sphenoidal  and  At  the  back  of  the  orbit  we  find  two  wide  fissures 
spheno-maxiUary  fQj.  iy^q  purpose  of  admitting  blood-vessels  and 
fissures.  nerves.    The  upper  one  is  the  "  sphenoidal  fissure," 

formed  between  the  greater  and  lesser  wings  of  the  sphenoid  bone. 
It  leads  into  the  cranium,  and  transmits  the  third,  fourth,  ophthal- 
mic branch  of  the  fifth,  and  the  sixth  nerve,  some  filaments  of  the 
sympathetic  nerve,  and  the  ophthalmic  vein.  The  lower  one, 
termed  the  "  spheno-maxillary  fissure,"  leads  into  the  zygomatic 
fossa.  The  borders  of  this  fissure  are  formed,  on  one  side  by  the 
superior  maxillary  and  palate  bones,  and  on  the  other,  by  the 
sphenoid.  Often,  it  is  completed  in  front  by  the  malar.  Through 
this  fissure  the  infra-orbital  artery,  and  the  superior  maxillary 
nerve,  enter  the  groove  along  the  floor  of  the  orbit.  There  are 
some  points  of  practical  interest  concerning  these  two  fissures. 

1,  Concerning  the  s^hmo-mcLxillatn)  fissure  we  should  re- 
member that  in  blows  on  the  temple,  blood  is  apt  to  make  its  way 
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through  the  fissure  into  the  orbit,  and  produce  ecchjonosis  under 
the  conjunctiva.  2.  In  the  operation  for  the  removal  of  the 
superior  maxillary  bone,  we  saw  through  the  orbital  wall  into  the 
fissure,  so  that  it  is  requisite  to  know  its  precise  position.  Con- 
cerning the  sphenoidal Jissure,we  should  know ; — 1,  that  in  fracture 
through  the  base  of  the  skull  involving  this  fissure,  the  effused 
blood  is  likely  to  make  its  way  into  the  orbit  and  produce  ecchy- 
mosis  of  the  conjunctiva,  which  is  therefore  always  an  unfavour- 
able symptom.  2.  That  a  sharp  instrument  might  penetrate 
through  this  fissure  into  the  brain.  Surgery  has  such  cases  on 
record.  Here  is  one.  Henry  II.  of  France,  one  of  the  last  princes 
of  the  House  of  Valois,  was  mortally  wounded  (in  a  tournament 
held  in  1559,  on  the  occasion  of  the  marriage  of  Philip  II.  with 
Elizabeth  of  France)  by  Montgomery,  Captain  of  the  body  guard. 
A  splinter  from  a  lance  entered  through  the  sphenoidal  fissure, 
stuck  fast,  and  could  not  be  extracted.  The  king  died  on  the 
eleventh  day. 


NASAL  FOSS^. 
(Plate  XV.) 


These  cavities  open  widely  to  the  air  in  front  through  the 
nostrils,  and  behind  into  the  top  of  the  pharynx.  To  see  them 
properly,  it  is  indispensable  to  have  a  skull  divided  longitudinally 
on  one  side  of  the  septum,  so  that  we  can  examine  the  roof,  the 
floor,  the  outer  and  inner  surfaces  of  the  cavities. 

nasal  bones,  by  the  nasal  spine  of  the  frontal,  the 
cribriform  plate  of  the  ethmoid,  and  the  body  of  the  sphenoid.  Ob- 
serve that  it  does  not  form  a  horizontal  line  from  before  backwards. 
It  is  only  the  cribriform  plate  which  is  horizontal;  from  this, 
the  roof  slopes  forwards  towards  the  nose,  and  backwards  towards 
the  pharynx:  therefore  the  vertical  depth  is  much  greater  in  the 
middle  than  elsewhere.    Notice  the  great  thinness  of  the  cribriform 
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plate,  and  how  easily  an  instrument  might  be  thrust  through  this 
part  of  the  roof  into  the  brain.  Herodotus*,  in  his  excellent  de- 
scription of  the  process  qf  embalming  the  dead,  as  practised  by  the 
ancient  Egyptians,  mentions  that  they  drew  out  the  brain  through 
the  nostrils  with  an  iron  hook,  and  filled  up  the  vacuum  by  in- 
jecting drugs. 

'The  "floor"  is  pretty  nearly  horizontal,  and  is  formed  by  the 
palate  plate  of  the  superior  maxillary  and  the  palate  bone.  In  the 
dry  bones  we  notice,  on  each  side  of  the  septum,  the  orifice  of 
the  "  anterior  palatine  canal." 

Meatus  of  the  '  The  outer  wall  of  the  nasal  fossae  is  made  irre- 
nose.  gular  by  the  passages  in  the  nose,  and  the  numerous 

openings  leading  to  the  air  cells,  which  are  excavated  in  the  neigh- 
bouring bones.    It  is  formed  by  the  ethmoid,  the  three  spongy 
bones,  the  nasal,  the  superior  maxillary,  the  lachrymal,  the  palate, 
and  the  internal  pterygoid  plate  of  the  sphenoid  :  in  fact,  by  all  the 
bones  of  the  face  except  the  malar  and  the  lower  jaw.    Here  we 
have  to  observe  the  position  of  the  spongy  bones  and  the  three 
"meatus"  or  passages  of  the  nosef  (Plate  XV.  a).    The  superior 
spongy  bone  is  the  smallest  of  the  three.    Beneath  it  lies  the 
Superior  meatus,  "superior  meatus,"  into  which  open  the  posterior 
ethmoidal  cells  and  the  sphenoidal  cell.    At  the 
back  part  of  this  meatus  is  the  spheno-palatine  foramen,  which 
leads  into  the  spheno-maxillary  fossa. 
Middle  meatus.       Below  the  middle  spongy  bone,  you  observe  the 
"niiddle  meatus."    Into  this  open— 1,  towards  the 
front,  the  frontal  sinus  (or  ceU),  along  a  passage  termed  the  "  in- 
fmidihulumr  2,  the  anterior  ethmoidal  ceUs  (distinct  from  the 
posterior);  3,  the  antrum  or  maxillary  sinus.    The  onfice  of  the 
antrum,  observe,  is  large  and  irregular  in  the  dry  bones ;  but  m  the 
recent  state  it  is  so  narrowed  by  mucous  membrane  that  it  will  just 

admit  a  crow-quill.  •  r  • 

Inferior  meatus.      Below  the  inferior  spongy  bone  is  the  mfenor 
meatus."    No  air-cells  open  into  this  meatus :  there 

;  rzrSoS'Lc fo„,     .he  fo„«u  b..,  .b,™  <^ 

superior  spongy  bone. 
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is  only  the  termination  of  the  nasal  duct  or  channel  which  conveys 
the  tears  into  the  nose :  this  cannot  be  seen  without  removing  part 
of  the  spongy  bone. 

To  facilitate  reference,  we  subjoin,  in  a  tabular  form,  the  respec- 
tive openings  into  the  several  "  meatus  "  of  the  nose — 

r  The  sphenoidal  cells. 
The  superior  meatus         receives  |  rj,^g  posterior  ethmoidal  cells. 

r  The  anterior  ethmoidal  cells. 
The  middle  .      .       .    receives  <  The  frontal  cells. 

L  The  antrum  maxillsG. 
The  inferior .       .       .    receives    The  nasal  duet. 

Concerning  the  spongy  bones,  it  should  be  noticed  that  the  two 
upper  (belonging  to  the  ethmoid)  are  delicately  channelled  for  the 
lodgment  of  the  olfactory  nerves.  The  lower  one  has  nothing  to 
do  with  the  sense  of  smell,  and  is  coarser  in  its  texture.  It  is 
traversed  by  several  canals  and  grooves,  which  run  from  before 
backwards,  and  in  the  recent  state  contain  large  veins.  It  is  the 
swelling  of  these  veins  which  blocks  up  the  passage  through  the 
nose  in  a  case  of  common  cold.  The  spongy  bones  do  not  extend 
all  the  way  along  the  outer  wall.  All  the  surface  in  front  of  a 
perpendicular  line  let  fall  from  the  frontal  spine  is  smooth,  as  is 
also  all  the  surface  behind  a  perpendicular  line  from  the  spheno- 
palatine foramen. 

Bony  septum  of  The  bony  septum  of  the  nose  (Plate  XV.)  is 
the  nose.  formed  cJiiefly  by  the  perpendicular  plate  of  the 

ethmoid  and  the  vomer.  This  septum  is  one  of  the  principal  sup- 
ports of  the  nasal  arch ;  a  piece  of  architecture  at  once  light  and 
effective.  Accurately  speaking,  however,  we  ought  also  to  mention 
as  assisting  in  the  formation  of  the  septum,  the  nasal  spine  of 
the  frontal,  the  crests  of  the  nasal,  superior  maxillary,  and  palate 
bones ;  and  also  the  rostrum  or  crest  of  the  sphenoid :  making  ten 
bones  in  all.  The  triangular  interval  left  in  th,e  septum  in  the  dry 
skull  is  filled  up  in  the  perfect  one  by  the  middle  cartilage  of  the 
nose,  which  fits  into  a  fissure  in  the  bone. 

The  posterior  openings  of  the  nasal  fossaa  have  been  already 
described  in  the  "  base  of  the  skull "  (p.  1 14).  It  only  remains  to  be 
said  that  the  anterior  aperture  is  heart-shaped,  with  the  bro^id  part 
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below.  It  is  bounded  on  either  side  by  the  nasal  bone,  and  by  the 
nasal  process  of  the  superior  maxilla :  below  it  is  bounded  by  the 
palatine  process  of  this  bone,  which  terminates  in  front  by  a  sharp 
projection,  termed  the  "anterior  nasal  spine." 

OENEKAL  OBSERVATIONS  ON  THE  SKULL. 

The  skull  a  lever     The  entire  skull  represents  a  lever  of  the  first 
of  the  first  order,    order.    The   fulcrum   or  point  yig.u. 
of  support  F  (see  the  annexed  cut)  is  at  the 
occipito-allantoid   articulation:   the  resistance 
is  the  weight  of  the  head  W:   the  power  P 
is  the  mass  of  muscle  attached  to  the  occiput. 
The  lever  is  not  exactly  balanced  on  the  top  of  the 
spine,  but  yery  nearly  so  :  and  we  admire  this  as 
one  of  the  many  adaptations  of  the  human  ske- 
leton for  the  erect  attitude. 

Three  tables  of  The  more  one  examines  the  skull,  the  more  one 
the  skuU.  sees  reason  to  admire  its  construction  as  a  case 

for  the  protection  of  the  brain.  Let  us  briefly  notice  a  few  of 
the  more  striking  points  of  it.  Look  at  the  structure  of  the 
cranial  bones.  They  consist  of  three  layers-an  outer,  an  mner, 
and  an  intermediate  "diploe."  The  outer  is  formed  of  compact 
and  tough  bone ;  the  inner  is  harder,  but  more  brittle  (hence  caUed 
"  tabula  vitrea");  while  the  diploe  is  soft  and  spongy  to  prevent 
the  transmission  of  shocks.  Altogether,  then,  this  structure  may 
be  coarsely  compared  to  a  case  composed  of  wood  outside,  porce- 
lain inside,  and  soft  leather  between  the  two. 

-The  different  structure  of  these  three  layers  or  "tables  of  the 
skull  is  interesting  to  us,  practically,  as  surgeons.  In  blows  on  the 
head  the  inner  table,  in  consequence  of  its  greater  brittleness,  is 
likely  to  be  broken  more  extensively  than  the  outer.  Cases  indeed 
have  occurred,  where  the  inner  table  has  been  broken  without  any 
iniurv  to  the  outer.  In  sabre  cuts  penetrating  the  skull-cap  as 
deep  as  the  inner  table,  Mr.  Guthrie*  says,  that  although  the  cut 

*  "  Commentaries,"  Lecture  xviii. 
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through  the  outer  table  may  be  only  a  simple  incision  without  any 
depression,  yet  the  inner  table  will  be  broken  almost  always  to  a 
greater  extent  than  the  outer:  indeed  it  may  be  separated  from  it, 
Ind  driven  into  the  membranes  if  not  into  the  substance  of  the 
brain.  Hence  the  necessity  of  examining  these  cases  very  care- 
fully, in  order  to  ascertain  if  there  be  any  parts  of  the  inner  table 
depressed,  and  to  remove  them. 

Consider  that  the  bones  are  mechani- 
cally  locked  together  by  the  sutures  ;  and 
that  in  the  recent  state  there  is  a  thin 
layer  of  animal  matter  between  their 
edges,  to  prevent  jarring.  The  Eddystone 
Lighthouse  is  constructed  on  the  same 
plan.  Look  at  the  vaulted  form  of  the 
cranium,  the  very  best  adapted  to  resist 
compression.  Whoever  knows  the  strength 

of  an  egg-shell,  can  understand  what  hard  blows  the  cranium  will 
bear.  Most  of  the  bones  mutually  support  each  other,  by  having 
their  edges  beveled  alternately  on  opposite  sides,  as  for  instance  in 
the  frontal  suture;  or  by  one  overlapping  the  other,  as  in  the 
squamous  suture,  where  the  temporal  prevents  the  "starting 
of  the  parietal  bone  (See  cut,  fig.  12).  The  effect  of  this  is, 
that  no  single  bone  can  be  taken  out  of  the  cranium  without 
separating  the  whole  fabric.  When  we  wish  to  separate  the  bones, 
we  do  so,  not  by  force  from  without,  but  by  force  from  within  the 
skull ;  that  is,  by  introducing  peas,  which,  when  moistened  with 
water,  swell,  and,  by  pressing  equally  in  all  directions,  disjoint 
the  bones. 

Notice  how  the  interior  of  the  dome  is  strengthened  by  ribs  or 
groins  of  bone,  which  run  in  the  line  of  the  principal  sinuses. 
One  rib  extends  from  the  centre  of  the  frontal  bone  to  the  foramen 
magnum,  and  spans  the  whole  arch  of  the  cranium.  Another 
crosses  transversely  the  back  part  of  the  occipital  bone  ;  the  point 
of  intersection  of  these  two  ribs  being  at  the  occipital  protuberance, 
which  is  therefore  the  thickest  and  strongest  part  of  the  skull,  for 
this,  if  for  no  other  reason,  that  when  a  man  falls  backwards,  it  is 
the  part  which  first  comes  to  the  ground. 
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Buttresses  of  Like  all  other  arches,  the  cranium  transmits 
the  skull.  shocks  towards  its  buttresses  ;   these  are  firmly 

wedged  into  the  base,  and  all  meet  at  the  centre,  that  is,  at  the 
body  of  the  sphenoid  bone.  Looking  at  the  different  regions,  we 
find  that  the  frontal  part  of  the  arch  is  supported  by  the  -wings  of 
the  sphenoid  and  the  malar  bones,  the  parietal  part  by  the 
temporal  bones,  and  the  occipital  part  supports  itself  by  running, 
wedge-like,  into  the  base,  and  abutting  on  the  sphenoid.  A  know- 
ledge of  the  buttresses  which  support  the  respective  parts  of  the 
skull  cap,  affords  an  explanation  of  the  direction  which  fractures 
generally  take  along  the  base  of  the  skull,  according  as  the  injury 
has  been  received  on  the  frontal,  the  parietal,  or  the  occipital  region 
of  the  cranium. 

B^elard,  Velpeau,  Malgaigne,  and,  generally,  the  older  French 
school  advocate  the  doctrine,  that  the  cranium  resists  shocks  after 
the  manner  of  other  spheres,  namely,  that  a  blow  struck  on  one 
side  is  transmitted  to  the  opposite  one ;  as  when  a  glass  tumbler, 
struck  smartly  with  the  finger  nail,  cracks  on  the  opposite  side. 
This  they  call  fracture  by  "  contre-coup."  But  the  modern  school 
demurs  to  this  doctrine,  and  contends  that  the  cranium  resists 
shocks  like  all  architectural  arches ;  and  that  vibrations,  instead  of 
going  round  to  the  base  direct,  are  lost  upon  the  supporting  pillars. 
Now,  what  are  these  pillars  ?  The  frontal  pillars  are  the  malar 
and  sphenoid  bones  —  the  parietal  pillars  are  the  temporal  bones 
—  the  occipital  pillars  are  the  ribs  of  the  occipital  bone  itself. 
When  the  head  is  struck,  five  times  out  of  six  the  parietal  region 
is  the  seat  of  injury.  The  bone  breaks  at  the  part  struck,  and  the 
fracture  runs  on  through  the  temporal,  and  most  frequently  through 
the  tympanum,  for  the  very  good  reason  that  the  tympanum  is  the 
weakest  part.  Observe  how  many  excavations  there  are  in  the 
bone  which  weaken  it  about  this  part:  1.  there  is  the  « meatus 
auditorius  externus"— 2.  the  cavity  of  the  tympanum  itself— 3. 
the,  jugular  fossa  — 4.  the  carotid  canal  — 5.  the  Eustachian  tube. 
This  accounts  for  the  frequency  of  haemorrhage  from  the  eax  in 
cases  of  fracture  of  the  base  of  the  skull. 

Common  observation  shows  that  the  shape  and  relative  dimen- 
sions of  the  cranium  vary  not  only  in  different  races  of  men,  but 
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also  in  individuals  of  the  same  race.  English,  French,  and  aeratian 
anatomists  have  accurately  measured  the  several  dimensions  of  the 
cranium ;  but  the  fact  that  the  statements  differ,  proves  the  influ- 
ence of  nationality.  The  development  of  the  frontal,  parietal,  and 
occipital  regions  may  be  taken  as  a  general  expression  of  the  devel- 
opment of  the  corresponding  lobes  of  the  brain.  Upon  this  is 
founded  the  study  of  Craniology.  The  breadth  and  height  of  the 
frontal  region  is  a  measure  of  the  degree  of  intelligence ;  the 
breadth  and  height  of  the  parietal  region  measures  the  develop- 
ment of  the  moral  feelings  ;  and  the  breadth  of  the  occipital  region 
measures  the  animal  propensities.*  To  measure  the  relative 
extent  of  these  three  regions,  the  meatus  auditorius  is  taken  as 
a  centre  from  which  lines  are  drawn  to  the  frontal,  parietal,  and 
occipital  eminences,  respectively,  as  shown  in  the  adjoining  cut. 

The  best  method  of  determining 
the  proportions  between  the  cranium 
and  face  in  man,  and  the  vertebrate 
animals  generally,  is  by  taking  what 
is  called  the  "facial  angle."  Let  a 
line  (as  shown  in  the  cut)  be  drawn 
from  the  condyle  of  the  occiput  along 
the  floor  of  the  nostrils,  and  be  inter- 
sected by  another  line  touching  the 
most  prominent  parts  of  the^  forehead  ^racial  Line  and  Angle, 

and  upper  jaw :  the  intercepted  angle  gives,  in  a  general  way,  the 
proportions  of  the  cranial  cavity,  and  the  grade  of  intelligence. 
In  the  dog  this  angle  is  20° ;  in  the  great  chimpanzee  it  is  40° ;  in 
the  Australian  it  is  85° ;  in  the  European  it  is  95.°    The  ancients, 


Craniology  is  notliing  new.   An  Italian  poet  in  the  age  of  Dante,  writes  ; 

"  Nel  Capo  son  tre  celle, 
Et  io  dird  di  quelle, 
Davanti  e  lo  intelletto 
E  la  forza  d'  apprendere ; 
In  mezzo  e  la  ragione 
E  la  discrezione, 
Che  sclierne  buono  e  male. 
Dirietro  sta  con  gloria 
La  valente  menioria,"  &c.  &c 
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in  their  impersonation  of  the  beautiful  and  intellectual,  adopted  an 
angle  of  100°.* 

Buttresses  of        A  few  words  about  the  architecture  of  the  bones 
the  upper  jaw.       Qf  ^j^e  face.    There  are  two  points  to  be  noticed — ; 
1st,  the  great  strength  of  the  nasal  arch  (Plate  XV.  a) ;  2d,  how 
immoveably  the  upper  jaw  is  fixed  by  its  three  buttresses  on  each 
side,— namely,  the  nasal,  the  zygomatic,  and  the  pterygoid.  The 
nasal  buttresses  rest  against  the  internal  angles  of  the  frontal  bone, 
and  between  them  is  the  heart-shaped  opening  of  the  nose.  The 
zygomatic  buttresses  are  exceedingly  strong :  they  are  supported 
by  the  external  angles  of  the  frontal  bone  and  the  zygomatic  pro- 
cesses of  the  temporal,  and  correspond  to  the  molar  teeth,  which 
have  to  sustain  the  greatest  pressure.    The  pterygoid  buttresses 
descend  perpendicularly  from  the  base  of  the  skull,  and  support  the 
upper  jaw  behind. 


BONES  OF  THE  UPPER  EXTREMITY. 

The  bones  of  the  upper  extremity  consist  of  the  "clavicle,"  the 
"scapula,"  the  "humerus,"  the  two  bones  of  the  fore-arm,  namely, 
the  "radius"  and  the  "ulna,"  the  bones  of  the  carpus,  the  meta- 
carpus, and  the  phalanges  of  the  fingers.  The  length  of  the  arm 
is  always  in  exact  proportion  to  the  height  of  the  individual.  It 
is  a'curious  fact  that,  if  the  arms  are  fuUy  stretched  in  the  same 
horizontal  Hue,  the  space  from  the  end  of  the  middle  finger  of  one 
hand  to  that  of  the  other,  is  equal  to  the  length  of  the  body. 

*  Froriep  (Charakteristik  des  Kopfes,  Berlin,  1845)  gives  tables  showing  the  rela- 
tive size  of  the  cranium  and  faee  in  infancy,  childhood,  and  adult  age.  They  go  to 
p;:ve  It  thel-  of  the  skull,  and  the  face,  as  contrasted  with  the  capacity  of  the 
cranium,  increase  from  infancy  to  old  age. 
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THE  CLAVICLE. 
(Plates  XXI.  and  XXn.) 

The  clavicle,  so  named  from  its  resemblance  to  an  ancient  key, 
extends  horizontally  from  the  sternum  to  the  scapula.  Its  chief 
use  is  to  keep  the  shoulders  apart,  that  the  arm  may  enjoy  a  freer 
and  wider  range  of  motion.  By  moving  the  shoulder,  you  will  find 
that  the  clavicle  acts  as  a  prop,  the  fixed  end  of  the  prop  being  at 
the  sternal  joint.*  Hence  in  fractures  of  the  clavicle,  the  shoulder 
generally  dro^s  forwards.  The  patient  leans  his  head  towards  the 
injured  arm  so  as  to  relax  the  muscles ;  and  he  supports  the  elbow 
with  the  soimd  hand  to  take  off  the  weight  of  the  limb.  Besides 
its  chief  use,  it  serves  secondary  purposes, — such  as  affording  attach- 
ment to  many  powerful  muscles,  and  protection  to  the  axillary 
vessels  and  nerves  which  pass  tinder  it. 

The  shape  of  the  clavicle  is  like  an  italic  S.  It  has  two  alternate 
curves,  arranged  so  that,  viewed  from  the  front,  the  sternal  half  is 
convex,  and  the  acromial  half  concave.  The  sternal  curve  is  the 
larger  of  the  two  curves,  obviously  for  the  purpose  of  allowing  plenty 
of  room  for  the  free  passage  of  the  great  vessels  and  nerves  of  the 
arm.  Another  interesting  point  about  the  structure  of  the  clavicle 
is,  that  the  compact  wall  is  much  thicker  on  the  concave  side  of  each 
of  its  curves  than  elsewhere.  It  is  about  the  junction  of  the  two 
curves  that  the  bone  is  most  frequently  broken.  These  curves 
not  only  make  the  bone  stronger  than  if  it  were  straight,  but  better 
able  to  resist  shocks ;  since,  by  virtue  of  its  elasticity,  the  force  is 
partially  broken  at  each  of  the  curves.  All  clavicles  are  not  equally 

*  All  animals  that  use  their  fore  limhs  for  other  purposes  besides  support, — such 
as  climbing,  flying,  burrowing,  or  holding  objects, — have  clavicles.  Those  that  use 
them  for  support  only,  have  no  clavicles.  In  most  birds,  the  clavicles  are  anchyloscd  in 
front  and  form  a  single  bone  called  the  "  fureuliim,"  or  merry-thought,  while  the  other 
ends  of  the  fork  articulate  with  the  scapula  and  the  coracoid  bone.  The  chief  use  of 
this  elastic  arch  of  bone  is  to  resist  the  action  of  the  great  pectoral  muscles,  which 
tend  to  press  the  humeri  inwards  towards  the  mesial  plane  during  the  downward 
stroke  of  the  wing. 
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curved :  it  is  less  curved  in  the  female  than  in  the  male ;  and  as  a 
rule,  its  strength  and  degree  of  curvature  depend  on  the  amount  of 
manual  labour  performed  by  the  individual. 

Sir  Everard  Home*  states  that  French  women  have  longer 
clavicles  than  English  women,  and  then  proceeds  to  say  that  on 
this  account  they  carry  themselves  with  more  grace,  the  chest  being 
more  open.  He  measured  the  clavicles  of  some  French  women  as 
they  lay  in  bed  in  Hospital  one  very  hot  day,  and  found  them  all 
six  inches  long  or  nearly  so.  The  clavicles  of  our  English  women 
are  not  quite  so  long. 

Let  us  examine,  first,  the  shaft,  and  afterwards  the  two  ends  of 
the  clavicle. 

The  shaft  of  the  clavicle  bears  the  impressions  of  the  muscles 
attached  to  it.    Holding  the  bone  in  position,  and  looking  at  its 
upper  surface,  we  observe,  on  the  sternal  curve,  the  origins  of  the 
"pectoralis  major"  and  "  sterno-cleido  mastoideus,"  and  on  the 
acromial  curve,  the  origin  of  the  "deltoides"  and  the  insertion  of 
the  "  trapezius."    On  its  imder  surface  we  notice  — 1,  a  longitudinal 
groove  for  the  insertion  of  the  "  subclavius ; "  2,  a  rough  surface 
near  the  sternal  end  for  the  attachment  of  the  costo-clavicular 
ligament ;  3,  near  the  acromial  end,  a  tubercle,  and  a  ridge  for  the 
attachment  of  the   "conoid  and  trapezoid"  Hgaments  (coraco- 
clavicular)  :  the  ridge  is  about  one  inch  from  the  scapular  end, — 
observe  this,  because  fractures  of  the  bone  in  this  situation  are  apt 
to  escape  notice,  in  consequence  of  the  ligaments  preventing  the 
separation  of  the  fractured  ends ;  4,  near  the  middle  is  a  foramen 
for  the  nutrient  artery  of  the  interior. 

The  sternal  end  of  the  clavicle  is  thick,  strong,  and  expanded, 
so  as  to  form  a  base  for  the  prop.  It  is  oblong  from  before  back- 
wards, and  articulates,  through  the  medium  of  an  interarticular 
fibro-cartilage,  with  the  sternum.  In  the  recent  state,  when  crusted 
with  cartilage,  the  articular  surface  is  sHghtly  convex  from  above 
downwards,  and  concave  from  before  backwards;  and,  moreover, 
its  circumference  projects  on  all  sides  considerably  beyond  the 
articular  surface  of  the  sternum,  in  order  to  give  more  advan- 


*  "Lectures  on  Comparative  Anatomy,"  vol.  v.  p.  236. 
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tageous  attachment  to  the  strong  capsular  ligaments  which  secure 
the  joint.  In  consequence  of  this,  dislocation  is  very  rare,  notwith- 
standing the  small  size  of  the  articular  surface  of  the  sternum.  A 
fracture  of  the  clavicle  is  ten  to  one  more  common  than  a  disloca- 
tion of  it.  In  hard  working  persons,  the  sternal  end  of  the  bone 
becomes  enlarged,  rough,  and  disfigured. 

The  acromial  end  is  broad  and  flattened,  and  presents  an  oblong 
surface,  which  looks  forwards  and  slants  a  little,  in  order  to  articu- 
late with  the  inner  border  of  the  acromion. 

Like  all  the  long  bones,  we  find  that  its  structure  is  spongy  at 
the  extremities,  but  compact  in  the  middle  of  the  shaft,  where  there 
is  a  small  medullary  cavity. 

The  clavicle  begins  to  ossify  sooner  than  any  other  bone  in  the 
body,  and  has  only  one  centre  of  ossification  for  the  shaft.  The 
sternal  end  has  an  epiphysis  which  makes  its  appearance  from,  the 
eighteenth  to  the  twentieth  year,  and  subsequently  coalesces  with 
the  shaft. 


THE  SCAPULA. 
(Plates  XXL  and  XXII.) 

The  scapula,  or  shoulder-blade,  when  the  arm  hangs  loosely  by 
the  side,  ought  to  extend  from  the  1st  to  about  the  7  th  rib, 
and  the  lower  angle  should  be  a  little  further  from  the  spine  than 
the  upper.  Its  use  is  to  afford  a  moveable  fulcrum  for  the  motions 
of  the  arm,  as  well  as  an  extensive  surface  for  the  attachment  of 
the  muscles  which  effect  the  moveififent.  It  is  a  flat  triansfular 
bone,  and  so  thin  in  places  as  to  be  transparent.  We  have  to  exa- 
mine its  two  surfaces,  its  three  borders  and  angles^  and  its  out- 
standing processes. 

The  "  outer  surface  "  of  the  scapula  (sometimes  called  "  dorsum 
scapulae")  is  slightly  convex,  and  divided  into  two  unequal  parts  by 
a  very  prominent  ridge  or  plate  of  bone,  termed  the  "  spine."  The 
part  above  the  spine  is  called  the  supra-spinous  fossa,  and  gives 
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I  origin  to  the  "  siipra-spinatus "  muscle ;  that  below  the  spine  is 
called  the  infra-spinous  fossa,  and  gives  origin  to  the  "infra-spinatus." 
Near  the  axillary  border  there  are  distinct  impressions,  indicating 
the  origins  of  the  "  teres  major  "  and  "  minor  "  muscles.  It  is  gene- 
rally marked  ,by  thQ  impressions  of  the  "  arteria  dorsalis  scapulee." 

ipifie  of  t&e\*"  ^'I^^C''"  scapula  commences  at  the 

scapula.  posterior  border  of  the  bone  by  a  smooth  triangular 

surface  over  which  the  tendon  of  the  trapezius  plays.    From  this 
it  soon  rises  into  a  high  crest,  which  runs  across  towards  the 
neck  of  the  scapula,  where  it  stands  out  from  the  rest  of  the  bone, 
and,  suddenly  altering  its  direction  at  a  right  angle,  which  can  be 
plainly  felt  in  the  living  subject,  projects  forwards  so'-' as  to  form  a 
lofty  arch  overhanging  the  "  glenoid  cavity."    This  arch  is  termed 
the  "acromion"  {ccKpos  w/ios).    Its  obvious  purpose  is  to  protect 
the  shoulder-joint,  as  well  as  to  give  greater  leverage  to  the  powerful 
"deltoides"  which  raises  the  arm.    It  is  not  only  a  defence,  but 
prevents  luxation  upwards ;  without  this  the  head  of  the  humerus 
would  not  remain  a  moment  in  its  socket.    It  is  this  process  which 
gives  breadth  to  the  shoulder.    On  the  inner  border  of  the  acro- 
mion is  the  surface  which  articulates  with  the  clavicle.  Observe 
that  this  surface  slants  from  above  downwards,  so  that  the  clavicle, 
once  dislocated,  is  with  difficulty  kept  in  its  place.    The  end  of 
the  acromion  gives  attachment  to  the  coraco-acromial  ligament, 
which  bridges  over  the  gap  left  in  the  dry  bone  between  it  and  the 
coracoid  process,  and  thus  completes  the  arch  for  the  shoulder. 
Through  this  coraco-acromial  ligament  we  plunge  the  point  of  the 
knife,  in  excising  the  head  of  the  humerus,  and  thus  reach  the 
shoulder  joint  in  a  moment.    Eeverting  to  the  spine,  we  observe 
.    that  it  has  thick  rough  borders  for  the  insertion  of  the  "trapezms" 
and  the  origin  of  the  «  deltoides." 

The  "inner  surface"  of  the  scapula  is  concave,  and  caUed  the 
,   "subscapular  fossa."    It  gives  origin  to  the  "  subscapularis,"  and 
' '  presents  three  or  four  slanting  ridges  for  the  attachment  of  the  ten- 
dinous septa  by  which  this  muscle  is  intersected.    The  hollows  be- 
tween these  ridges^ere  mistaken,  even  by  the  great  Vesahus,  for  the 
impressions  of  the  ribs.    On  this  surface  also  we  observe  the  msertion 
.    of  the  "  serratus  magnus  "  along  the  posterior  border,  but  chiefly 
at  the  rough  surfaces  on  the  superior  and  inferior  angles. 
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Glenoid  cavity.  The  "anterior  angle"  of  thfe  scapula  is  the 
strongest  part  of  the  bone,  and  here  we  find  the 
"glenoid  cavity"  for  the  articulation  of  the  head  of  the  humerus. 
This  cavity  is  very  shallow,  of  an  oval  form,  with  the  larger  end 
downwards,  and  the  long  diameter  vertical;  above  all,  observe  that 
it  looks  directly  outwards;  and  the  reason  of  this  is  plain  when  we 
consider  that  it  is  intended  to  receive  a  bone  which  has  such  an 
extensive  range  of  motion.  Its  margins  are  rather  prominent  and 
rough,  for  the  attachment  of  a  collar  of  fibro-cartilage,  which 
sHghtiy  deepens  the  socket.  From  the  upper  part  of  the  margin 
arises  the  "  long  head  of  the  biceps."  Just  below  the  cavity  is  the  \^ 
origin  of  the  long  head  of  the  triceps.  Immediately  behind  the  \  \ 
cavity  is  a  sUght  constriction  termed  the  "  neck  "  of  the  scapula. 

When  we  speak  of  fracture  of  the  neck  of  the  scapula,  we  mean 
fracture  behind  the  coracoid  process.  This  kind  of  fracture  is  very 
rare.  It  happens  to  old  persons  from  falling  on  the  shoulder.  The 
shock  is  received  by  the  head  of  the  humerus,  and  is  thence  trans- 
mitted to  the  glenoid  cavity.  The.  chief  symptom  of  such  an  acci- 
dent is  slight  lengthening  of  the  arm  and  dropping  of  the  shoulder. 
Whoever  sees  for  the  first  time  a  •  fracture  of  the  neck  of  the 
scapulaywiirprobably  mistake  it  for  a  dislocation  of  the  head  of  the 
humerus  into  the  axilla.  There  is  in  each  case  the  same  lengthen- 
ing of  the  arm,  prominence  of  the  acromion,  and  flatness  of  the 
deltoid ;  in  each  case  the  head  of  the  humerus  can  be  felt  in  the 
axilla :  but  there  is  this  important  distinction,  that  in  the  case  of 
fracture,  the  normal  appearance  of  the  joint  can  be  restored  by 
simply  pushing  upwards  the  arm  at  the  elbow,  by  which  means  the 
head  of  the  humerus,  with  the  glenoid  cavity,  is  at  once  raised  to 
its  proper  position. 
Coracoid  pro-  From  the  upper  part  of  the  neck  of  the  scapula, 
stands  off  a  remarkable  projection  termed  the 
"  coracoid*  process,"  from  its  fancied  resemblance  to  the  beak  of  a 

*  The  coracoid  process  is  a  remarkable  bone  in  birds.  In  them  it  is  of  great 
strength  and  solidity,  and  extends  from  the  sternum  to  the  junction  of  the  scapula  and 
clavicle,  where  it  helps  to  form  the  glenoid  cavity.  It  serves  as  a  buttress  to  support 
the  shoulder  during  the  downward  stroke  of  the  wing.  Being  a  vertebral  element,  it  is 
in  all  animals  developed  from  a  separate  centre. 
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raven  (/c6pa|).    Arising  from  a  very  broad  base,  it  takes  first  a 
direction  inwards,  but  soon  curves  forwards  towards  the  acromion, 
like  a  half  bent  finger,  and  overhangs  the  glenoid  cavity  on  the 
inner  side.    Its  apex  is  about  one  inch  and  a  half  from  the  point 
of  the  acromion,  and  on  a  lower  plane.    It  is  necessary  to  be 
familiar  with  the  direction  of  these  points  of  bone,  and  their  accu- 
rate bearing  to  the  glenoid  cavity  and  to  each  other,  since  they 
serve  as  landmarks  to  assist  us  in  determining  the  nature  of  obscure 
injuries  about  the  shoulder-joint.    Into  the  front  part  of  the  cora- 
coid  process  is  inserted  the  tendon  of  the  "  pectoralis  minor,"  and 
from  the  "  apex"  arises  the  common  tendon  of  the  "  coraco-brachi- 
alis,"  and  the  "  short  head  of  the  biceps."   At  the  upper  part  of  its 
root  is  a  rough  surface  for  the  attachment  of  the  "  coraco-clavi- 
cular"  ligaments,  which  bind  down  the  clavicle  ;  and  the  border 
next  to  the  acromion  gives  attachment  to  the  "  coraco-acromial 
ligament,"  which  extends  across  the  interval  between  these  points 
of  bone,  and  completes  the  arch  for  the  shoulder-joint. 
Borders.  The  "superior  border"  of  the  scapula  presents, 

near  the  root  of  the  coracoid  process,  a  small  notch, 
which,  in  the  recent  state,  is  bridged  over  by  a  ligament.    It  gives 
passage  to  the  supra-scapular  nerve,  and,  sometimes,  to  the  corre- 
sponding artery.    Behind  the  notch  is  the  origin  of  the  "  omo- 
;  hyoideus"  muscle.^  The  "^eisi^  border  ".is  always  the  longest 
;  in  man,  and  is  therefore  called  the  base  of  the  scapula:  in  the 
lower  animals  it  is  generally  the  shortest.    It  gives  insertion  to  the 
"levator  anguli  scapulae,"  the  "rhamboideusjnajorl^and  "minor" 
muscles,  and,  as  before  mentioned,  to  the  «  serratus  magnus."  The 
"  inferior 'or  axillary  border"  is  by  far  the  thfckest  and  strongest, 
in  order  to  support  the  glenoid  cavity.    T^he  deep  groove  along  it 
gives  origin  to  some  of  the  fibres  of  the  "  subscapularis  "  muscle. 
"  Centres  of  ossi-    '   The  scapula  has  six  centres  of  ossification.  The 
fication.  « primary"  centre  forms  all  parts  of  the  bone,  ex- 

cept the  coracoid  process,  the  acromion,  the  inferior  angle,  and  the 
base ;  these  are  cartUaginous  at  birth.  The  centre  of  the  coracoid 
process  appears  soon  after  birth,  and  about  the  15th  year  unites  to 
the  rest  of  the  bone.  About  puberty,  the  other  secondary  centres 
appear;  namely, -two  for  the  acromion  (one  near  the  summit. 
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the  other  nea.  the  base):  one  for  the  ^^^^^^^J^^ 
one  for  the  border  of  the  base.  In  a  pracUcal  poxnt  of  -ew  x^^^^^ 
well  to  remember  that  the  acromion  is  not  xnvanably  --^ed  ^o  the 
spine  by  bone.  In  some  rare  cases  it  remains  permanently  dis- 
tinct, and  is  united  to  the  spine  only  by  ligament. 


THE  HUMEEUS. 
(Plates  XXni.  and  XXIV.) 

The  humerus  is  the  longest  and  strongest  of  the  bones  of  the 
upper  extremity.    It  is  a  lever  of  the  third  order,  the  fulcrum 
being  at  the  shoulder  joint,  and  the  power  at  the  insertions  of  the 
several  muscles  which  move  the  bone.    It  articulates  with  the 
scapula  above,  and  the  radius^and  ulna  below.  Like  all  long  bones, 
we  divide  it  into  a  body  or  shaft,  and  articular  ends. 
H.AB  and  KECK.     At  the  upper  end,  we  observe  the  smooth  emi- 
nence termed  the  "head."    It  forms  about  \  of  a 
sphere,  and  articulates  with  the  glenoid  cavity  of  the  scapula. 
Observe  that  the  head  is  much  larger  than  the  socket  in  which  it 
plays.    This  disposition,  together  with  the  shallowness  of  the 
s6cket,  explains  the  great  range  of  motion  which  the  joint  enjoys. 
It  is  the  freest  of  all  the  joints,  and  resembles  what  mechanics  call 
a  "universal"  joint,  for  there  is  no  part  of  the  body  which  cannot 
be  touched  by  the  hand.    The  head  springs  from  the  shaft  by  a 
slightly  constricted  base,  called  the  "  anatomical  neck,"  to  which 
the  capsular  ligament  of  the  joint  is  attached.    Although  this  is 
so  short  and  thick  as  hardly  to  deserve  the  name  of  neck,  yet  it 
sei-ves  the  very  important  purpose  of  removing  the  head  a  little 
away  from  the  axis  of  the  shaft.    In  consequence  of  this,  the  axis 
of  the  head  and  neck  forms  an  acute  angle  with  that  of  the  shaft. 
Suppose  the  arm  to  hang  quietly  by  the  side,  with  the  thumb  in 
front,  the  precise  direction  of  the  axis  of  the  head  and  neck  of  the 
humerus  is  upwards,  inwards,  and  a  little  backwards  from  the  shaft. 
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The  object  of  this  direction  is  to  facilitate  rotation  inwards,  which 
is  the  most  useful  movement :  and  it  is  interesting  to  remark,  that 
this  direction  is  reversed  in  the  axis  of  the  neck  of  the  femm:  where 
the  object  is  to  facilitate  rotation  outwards. 

Eaise  the  arm  of  the  skeleton  to  a  right  angle,  and  you  will 
observe  that  much  of  the. lower  part  of  the  head  of  the  humerus 
is  out  of  the  socket.  This  is  one  of  the  reasons  why  the  humerus 
is  so  liable  to  be  dislocated  into  the  axilla  when  the  arm  is  ex- 
tended ;  the  head  of  the  bone  in  this  position  being  chiefly  sup- 
ported by  the  fibrous  capsvile  of  the  joint.  When  the  arm  is 
raised  to  a  right  angle,  there  is  another  point  worthy  of  notice. 
It  is  this,  that  the  humerus  alone  cannot  be  raised  higher,  for  the 
simple  reason  that  the  articidar  surface  ~of  the  head  of  the  bone 
does  not  admit  of  elevation  beyond  a  right  angle.  When  we  do 
raise  the  arm  beyond  a  right  angle,  the  additional  elevation  is 
accomplished  by  the  movement  of  the  scapula  upon  the  chest,  an 
effect  principally  due  to  the  action  of  the  trapezius  and  serratus 
magnus  muscles. 

.  Greater  and  At  the  root  of  the  neck,  or  rather  at  the  top  of 
lesser  tuberosities,  the  shaft,  are  two  projections,  termed  the  "  tube- 
rosities," of  which  the  use  is  to  'give  greater  leverage  to  the  muscles 
which  move  the  bone.  They  are  separated  by  a  perpendicular 
groove  which  runs  some  way  down  the  shaft,  and  is  called  the 
"  bicipital  groove,"  because  the  tendon  of  the  long  head  of  the 
biceps  plays  in  it.  In  the  recent  state  this  groove  is  bridged  over 
by  an  aponeurosis,  which  makes  it  a  complete  canal.  Of  these 
tuberosities  the  "greater"  is  the  more  external;  in  a  thin  indi- 
vidual it  can  be  plainly  felt  immediately  below  the  acromion.  It 
is  useful  to  know  this  in  determining  the  nature  of  injuries  about 
the  shoulder.  It  has  three  little  impressions  indicating  the  inser- 
tions of  the  " supra-spinatus,"  " infra-spinatus,"  and  "teres  minor"/ 
muscles.  The  "  lesser  tuberosity  "  is  the  more  internal,  and  gives 
insertion  to  the  subscapularis.  Lastly,  the  tuberosities  are  supported 
by  broad  pedicles  which  run  dowla  the  shaft,  and  form,  respec- 
tively, the  outer  and  inner  margins  of  the  bicipital  groove. 

Shaft.  We  come  next  to  the  shaft.    The  first  thing  to 

be  observed  is,  that  the  lower  part  of  it  is  twisted 
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inwards,  nearly  as  much  as  i  of  a  circle;  and  that  it  is  slightly 
curved  forwards.  The  object  of  this  is,  to  make  the  axis  of  motion 
at  the  elbow  such,  that  the  fore-arm  may  naturally  bend  towards 
the  front  of  the  body.  Immediately  below  the  tuberosities  is  the 
«  surgical  neck  "  of  the  humerus ;  so  called,  because,  when  we  speak 
of  a  fracture  of  the  neck,  we  refer  to  this  part  of  the  bone,  and  not 
to  the  "  anatomical  neck,"  of  which  a  fracture  is  exceedingly  rare. 
On  the  front  of  the  shaft  we  notice  the  bicipital  groove  already 
alluded  to,  up  which  the  long  head  of  the  biceps  runs,  in  order  to 
be  attached  to  the  top  of  the  glenoid  cavity,  so  that  it  may  act  like 
a  strap  to  keep  down  the  head  of  the  bone.  Up  this  groove,  too, 
a  little  artery  (a  branch  of  the  anterior  circmAex),  creeps  to  supply 
the  joint.  Into  the  outer  margin  of  the  groove  is  inserted  the 
tendon  of  the  "  pectoralis  major ; "  into  the  inner  margin  the  tendon  ^ 
of  the- "teres  major;"  and  iuto  the  bottom  of  it  the  tendon  of  the  ^ 
"latissimus  dorsi."  These  muscles  play  an  important  part  in  ' 
causing  displacement  in  fracture  when  it  occurs  through  the 
surgical  neck.  There  may  be  a  double  displacement :  i.  e.  the 
upper  fragment  is  drawn  outwards  by  the  muscles  inserted  into  the 
tubercles,  and  the  lower  fragment  is  drawn  upwards  and  inwards 
by  the  muscles  which  go  from  the  trunk  to  the  arm. 

The  middle  of  the  shaft  is  marked  by  ridges  and  impressions 
adapted  for  the  convenient  action  of  the  muscles.  About  the 
middle  of  the  outer  aspect  there  is  a  rough  impression  (deltoid 
ridge)  for  the  insertion  of  the  "  deltoid "  which  raises'  the  arm.  $ 
Near  this,  on  the  inner  aspect,  is  a  smooth  surface  for  the  insertion 
of  the  "  coraco-brachialis."  Against  this  surface  we  compress  the  ^' 
brachial  artery  in  amputation  of  the  fore-arm.  Here  also  is  gene- 
rally situated  the  foramen  for  the  nutrient  artery  of  the  marrow, 
.which  runs  from  above  downwards.  Below  the  deltoid  ridge  the 
shaft  begins  to  be  twisted,  and  becomes  gradually  flattened  and 
expanded  to  prepare  for  the  formation  of  the  articular  end.  It  is 
just  below  the  insertion  of  the  deltoid  that  one  most  frequently 
meets  wi,th  ununited  fractures  of  the  humerus,  partly  on  account 
of  the  injury  to  the  nutrient  artery  of  the  medulla,  and  partly  on 
account  of  the  action  of  the  deltoid  in  causing  a  riding  of  the 
upper  fragment  over  the  lower. 
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The  lower  half  of  the  shaft  presents,  on  each  side,  a  ridge  called, 
respectively,  the  "internal"  and  "external  condyloid  ridges," 
because  they  lead  to  the  "  condyles  "  or  points  of  bone  which  pro- 
ject on  each  side  of  the  elbow.  The  external  ridge  begins  just 
behind  the  insertion  of  the  deltoid,  is  the  more  prominent  of  the 
two,  and  gives  origin  to  the  "  supinator  radii  longus,"  and  the 

"  "  extensor  carpi  radialis  longior."  It  is  called  the  supinator  ridge, 
and  its  size  throughout  the  vertebrate  animals  corresponds  with  the 
extent  of  the  power  of  supination  of  the  fore-arm.  The  internal 
ridge '  serves  for  the  attachment  of  the  "  internal  intermuscular 
septum."    The  front  surface  of  this  part  of  the  shaft  gives  origin 

rt-to  the  "brachialis  anticus,"  which  begins  by  two  little  tongues, 
one  on  each  side  the  insertion  of  the  deltoid. 

The  back  part  of  the  shaft  is  occupied  by  the  origins  of  the 

/3  "second  "  and  "third  heads  of  the  triceps,"  which  are  separated  by 
a  slanting  groove  for  the  passage  of  the  musciilo-spiral  nerve  and 
superior  profunda  artery. 
Lower  end.  The  lower  end  of  the  hilmerus  curves  slightly 

forwards,  and  presents  a  pulley-like  surface,  beauti- 
fully adapted  to  suit  the  flexion  and  extension,  as  well  as  the 
rotatory  movement  of  the  fore-arm.  Gn  the  outer  side,  we  observe 
the  "  lesser  head  "  (capitellum)  which  corresponds  with  the  shallow 
cavity  at  the  end  of  the  radius.  The  chief  point  about  this  head 
is,  that  it  projects  directly  forwards,  so  that  when  the  fore-arm  is 
,f  bent  there  is  a  smooth  surface  ready  for  tlie  radius^to  rotate  on. 
On  the  inner  side  is  the  "  trochlea  "  or  grooved  pulley  for  the  ulna. 
This  admits  of  flexion  and  extension  only.  The  dj5fection  of  this 
pulley  is  oblique ;  that  is,  it  slants  from  behind,  forwards,  and  from 
without  inwards,  so  that  the  fore-arm^  in  the  act  ilf  bending,  comes 
naturally  in  front  of  the  chest.  Above  the  trochlea  there  is  a  deep 
cavity  in  front  (coronoid  fossa)  to  receive  the  coronoid  process  of 
the  ulna  in  flejdon ;  and  a  similar  one  behind  (olecranon  fossa),  to 
receive  the  "olecranon"  in  extension  of  thes* fore-arm.  Between 
these  hollows  the  bone  is  thin  enough  to  be  transparent,  as  is  well 
seen  in  the  adjoining  woodcut,  fig.  14,  which  exhibits  a  section 
through  the  joint.  In  consequence  of  this  thinning  of  the  bone,  a 
transverse  fracture  through  the  humerus  in  this  situation  is  not  un- 
common.   From  the  displacement  produced  so  close  to  the  elbow 
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Section  to  show  the  trochlea  of 
the  humerus. 


joint  this  accident  is  very  liable  to  be  Pio.  u. 

•mistaken  for  a  dislocation  of  the  radius 
^and  ulna  backwards.  The  celebrated 
French  surgeon,  Dupuytren,  used  to  say 
"that  there  was  nothing  more  common 
than  such  a  mistake."  However,  the 
bearing  of  the  condyles  with  respect  to 
the  olecranon  enables  us  in  most  cases  to 
determine  the  diagnosis.   If  the  olecranon 

be  higher  than  the  condyles,  there  is  dislocation  of  the  fore-arm  ; 
if  not  higher,  it  is  a  case  of  fracture. 

Eespecting  the  condyles,  we  have  to  observe,  that  the  internal 
projects  by  far  the  most,  since  it  gives  origin  to  the  powerful  pro- 
nator and  flexors  of  the  hand  and  fingers,  namely,  to  the  "pronator 
radii  teres,"  "  flexor  carpi  radialis,""  "  palmaris  longus,"  "  flexor  '^^■^^ 
digitorum  sublimis,"  and  "flexor  carpi  ulnaris."    The  internal  ^ 
lateral  ligament  of  the  elbow  is  also  attached  to  it.    The  external 
condyle  gives  origin,  in  front,  to  the  common  tendon  of  the  extensor 
muscles;  namely,  the  "extensor  carpi  radialis  brevior,"  "extensor 
digitorum  communis,"  and  "  extensor  minimi  digiti "  and  "  extensor 
carpi  ukiaris  :  "  behind,  it  gives  origin  to  the  "anconeus."    Lastly,  ii.t>. 
the  external  lateral  ligament  of  the  elbow  is  attached  to  it. 

Centres  of  ossifi-  The  humerus  has  seven  centres  of  ossification, 
cation.  There  is  one  for  the  shaft.    About  the  second  year 

after  birth  the  centre  for  the  head  appears;  and  about 
the  third  year,  the  centre  of  the  tuberosities.  About 
the  end  of  the  fifth  year,  the  centres  for  the  head  and 
tuberosities  have  coalesced,  so  as  to  form  a  large 
epiphysis  on  the  top  of  the  shaft.  It  is  necessary  to 
remember  that  this  epiphysis  includes  the  tuberosities 
(as  shown  in  the  adjoining  wood-cut,  fig.  15).  On  the 
inner  side,  the  line  of  junction  runs  close  to  the  carti- 
lage on  the  head  of  the  bone  :  therefore,  in  the  event  of 
separation,  the  shoulder  joint  would  certainly  be  impli- 
cated. The  epiphysis  does  not  unite  with  the  shaft  till  Epiphysis  of 
the  21st  year ;  so  that  up  to  that  age  it  is  liable  to  be  ^"""^ 


Fig.  15. 


separated  from  the  shaft  by  violence,  as  we  often  see  in 


the  humerus. 
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practice.    About  the  beginning  of  the  third  year  ossification  of  the 
lower  end  commences  by  a  fourth  centre  in  the  lesser  head,  ^bouljt 
the  fifth  year,  a  fifth  centre  appears  in  the  internal  condyle.  M>oujg 
the  twelfth  year,  a  sixth  centre  appears  in  the  great  sweep  of  the 
trochlea;  and,  lastly,  about  the  fourteenth  year,  the  seventh 'centre 
appears  in  the  external  condyle.   At  the  close  of  the  sixteentti)year 
the  lower  end  has  completely  ossified,  and  then  unites  to  the/shaft.  » 
A  separation  of  the  lower  epiphysis  of  the  humerus  is  by  no /means 
an  infrequent  accident  in  children.    The  lower  fragment  is  jcarried 
backwards  with  the  bones  of  the  fore-arm,  so  as  to  cause  ■etJnsiderable 
displacement. 

It  is  interesting  to  remark,  that  the  epiphysis  of  the  upper  end, 
.though  it  is  the  first  to  ossify,  yet  remains  separate  from  the  shaft 
about  three  or  four  years  longer  than  that  of  the  lower  end.  This 
is  in  accordance  with  the  rule,  that,  of  the  two  epiphyses  of  a  long 
bone,  that  towards  which  the  nutrient  artery  of  the  marrow  runs  is 
always  the  first  to  unite  with  the  shaft.  Eemember  that  the 
nutrient  arteries  of  the  marrow  of  the  bones  of  the  upper  extremity 
run  towards  the  elbow.  In  the  bones  of  the  lower  extremity,  they 
run  from  the  knee. 


THE  EADIUS, 


(Plates  XXV.  and  XXVL) 

The  radius  is  the  external  of  the  two  bones  of  the  fore-arm,  and 
is  so  called  from  its  resemblance  to  the  spoke  of  a  wheel.  In 
learning  this  bone,  keep  in  mind  that  both  its  ends  ate  constructed 
so  as  to  rotate  upon  the  ulna,  and  admit  of  the  pronation  and  supi- 
nation of  the  hand.  The  lower  end  of  the  radius  is  much  larger 
than  the  upper,  because  it  is  the  chief  support  of  the  hand :  and 
since  the  radius  receives  all  shocks  from  the  hand,  it  is  more 
liable  to  be  broken  than  the  ulna. 


THE  RADIUS. 


/  Like  the  humerus,  the  radius  and  ulna  are 

t'  oth  levers  of  the  third  order,  as  seen  in  the  cut, 
.  16    The  fulcrum  Y  is  at  the  elbow  jomt- 
,  the  weight  W  is  the  fore-arm-the  power  P  is 
,  tiiewei,  The  biceps  will  act 

the  insertion  of  the  biceps,   j-  r 

to  the  greatest  advantage  when  the  axm  s  h  nt  _  

to  a  right  angle,  hecanse  the  power  acts  at  a  ^' 
\  right  angle  to  a.e  ^^^^  ,,aius  is  called  the  "head:" 

.„Sr'*"%t  has       hallow  circnlar  ^^f^^^^^^ 
•  1     i\         +Tip  Ipsser  head  of  the  humeius. 
(.henthefore-ar^-shentV^th^he^^^^^^^^^^     ^^^^^^  ^^^^ 

TZ  t"  n  fhe  Crirg^oid  cavity  of  the  nlna.  This 
adapted  ^    ^  ^^^^.^    felt  below  the  external 

'    r  of  the  hi  "s  in  a  natur-al  depression  of  the  skin  which 
condyle  of  the  tamMn  ^^^^^^ 

exists  dunng  hfe .  we  mentro  constricted 

„i  ing  *ee— ^^^^  ^^^^  which 
part  termed  the    neck  ^^^^^  ^^^^^  ^^.^  f 

Ccr;:;ro"ner  Side  of  the  hone,  so  that  the  hiceps 

outer  side  is  thick  and  rounded;  and  that  from 
this  side,  its  front  -and  hind  surfaces 
gradually  converge-  to  a  sharp  edge, 
which  faces  the  ubia  (as  seen  in  the 
annexed  cut,  fig.  IV),  and  gives  attach- 
ment to   the  interosseous  ■  ligament 

between  the  bones.     The  shaft  is  ,    ,  u 

slightly  arched  outwards,  and  for  two  reasons-1,  because  it  in- 
telses^he  breadth  of  the  fore-arm;  2,  because  it  g^^^^ 
to  the  "pronator  teres."    The  bones  are  furthest  apart  when  the 
.       W  is  placed  vertically:  hence,  fractures  of  the  foi.-.^  axe 
put  up  with  the  hand  vertical,  that  there  may  be  less  risk  of  the 

opposite  bones  uniting. 

On  the  front  sm-face  of  the  shaft  there  is  a  blunt  ridge  leadmg 
from  the  tubercle  obliquely  towards  the  outer  side  of  the  bone. 


Fig.  17. 
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It  gives  origin  to  part  of  the  «  flexor  sublimis  digitorum."  Above 
this  ridge  is  the  extensive  insertion  of  the  "  supinator  brevis,"  and 
below  it  is  a  slightly  excavated  surface  for  the  «  flexor  longus  pol- 
licis."  Below  this  is  the  insertion  of  the  "  pronator  quadratus." 
On  the  outer  and  hack  part  of  the  middle  of  the  shaft  is  a  rough 
surface  for  the  insertion  of  the  "pronator  teres."  Observe  that 
this  insertion  is  into  the  hack  part  of  the  shaft,  in  order  that  the 
muscle  may  act  as  a  pronator.  In  amputation  of  the  fore-arm,  it 
is  desirable  to  saw  through  the  bones  below  the  insertion  of  this 
muscle,  that  the  stump  may  have  the  benefit  of  a  pronator. 

The  posterior  surface  of  the  shaft  is  marked  by  the  origin  of  the 
extensor  muscles  of  the  thumb ;  namely,  the  "  extensor  ossis  meta- 
carpi  poUicis,"  and  the  "  extensor  primi  internodii  polUcis." 

Lower  end.  The  lower  end  of  the  radius  has  a  surface  slightly 

cupped  transversely,  as  well  as  from  before  back- 
wards, in  order  to  articulate  with  the  "  scaphoid "  and  "  lunar  " 
bones  of  the  carpus.  In  the  recent  state,  if  not  in  the  dry  bone, 
this  surface  is  divided  by  a  slight  ridge :  the  part  for  the  "scaphoid" 
is  triangular,  while  that  for  the  "  lunar  "  bone  is  square.  On  its 
inner  side  is  the  concave  articular  surface,  which  rotates  upon  the 
lower  end  of  the  ulna.  On  its  outer  side  is  the  conical  projection, 
termed  the  "  styloid  "  process,  of  which  the  apex  gives  attachment 
to  the  external  lateral  ligament  of  the  wrist;  while  the  base  gives 
insertion  to  the  tendon  of  the  "  supinator  radii  longus."  In  front, 
the  lower  end  has  a  rough  and  elevated  margin  for  the  attachment 
of  the  powerful  anterior  ligament  of  the  carpus :  and  behind  there 
are  four  grooves  for  the  passage  of  the  extensors  of  the  wrist  and 
fingers  (Plate  XXIX.).  Beginning  from  the  outer  sitl'e,  we  observe, 
1,  a  groove  for  tlfe  "  extensor  ossis  .metacarpi  pollicis,"  and  the 
"  extensor  primi  internodii  pollicis ; "  2,  a  groove  for  the  "  extensor 
carpi  radialis  longior  "  et  "  brevior ; "  S,  a  very  distinct  and  slant- 
ing groove  for  the  "  extensor  secundi  internodii  pollicis ; "  4,  a 
groove  for  the  "  extensor  indicis "  and  the  "  extensor  communis 
digitorum."  In  the  recent  state  these,  grooves  are  made  complete 
canals  by  the  "posterior  annular  ligament." 

It  is  necessary  to  know  that  the  lower  end  of  the  radius  is  com- 
posed of  cancellous  tissue  protected  by  only  a  thin  layer  of  compact 
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bone,  as  shown  in  the  adjoining  cut,  fig.  18.    In  falls,      Fm.  18. 

therefore,  upon  the  palm  of  the  hand,  the  lower  end 

of  this  bone,  which  receives  the  full  force  of  the  shock, 

is  very  Uable  to  be  broken  transversely  about  half  of 

an  inch  or  one' inch  above  the  wi-ist  joint.  This 

fractm-e  of  the  lower  end  of  the  radius  is  commonly 

called  Colles's  fracture,  after  the  Irish  Surgeon  who 

first  accurately  described  it.    The  lower  fragment 

with  the  hand  is  thrown  backwards  so  as  to  make  an  section  through 

.  ,1      the  lower  end  ot 

unnatural  swelling  on  the  back  of  the  fore-arm  :  tne  ^j^^    ^^^^^^  to 

upper  fragment  protrudes  on  the  palmar  aspect  of  J^J^^- 
fore-arm  just  above  the  wrist.    Now  a  fracture  with  wall, 
such  displacement  is  liable  to  be  mistaken  for  a  dislocation  of  the 
.wrist.    How  are  we  to  determine  between  the  two  injuries?  We 
'must  feel  for  the  styloid  process  of  the  radius.    If  the  styloid 
process  be  in  the  same  line  with  the  shaft  of  the  radius,  the  injury 
-  is  probably  a  dislocation  of  the  wi-ist  backwards  :  if  it  be  not  in  the 
same  line,  then  the  injury  is  probably  a  fracture  of  the  lower  end 
of  the  radius,  which,  by  the  way,  is  by  far  the  most  ,  frequent  acci- 
dent of  the  two. 

The  radius  has  three  centres  of  ossification ;  one  for  the  shaft, 
and  one  for  each  end.  The  upper  end  begins  to  ossify  at  the  age 
of  nine,  and  is  united  at  twelve.  The  lower  end  begins  about  the 
second  year,  and  ia  not  united  till  the  age  of  eighteen  or  twenty. 
This  is  in  accordance  with  the  general  law,  that  epiphyses  unite 
with  the  shafts  in  the  inverse  order  of  their  ossification. 


THE  ULNA.' 
(Plates  XXV.  and  XXVI.) 

The  ulna,  so  called  because  it  forms  the  elbow  (ooXsvri),  is  the 
inner  of  the  two  bones  of  the  fore-arm. 
Upper  end.         Its  upper  end  presents  a  deep  semicircular  cavity, 
with  a  smooth  ridge-  at  the  bottom,  which  accu- 
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rately  fits  on  the  trochlea  of  the  humerus,  and  forms  a  perfect 

hinge-joint  admitting  of  flexion  and  ex- 
tension only.  (See  cut,  fig.  19.)  This  is 
called  the  "  greater  sigmoid "  cavity,  in 
contradistinction  to  a  smaller  one,  termed 
the  "  lesser  sigmoid,"  which  is  placed  on  its 
?  outer  side,  and  forms  a  socket  for  the  head 
of  the  radius  to  rotate  in.    In  front  of  the 


Section  through  the  greater     greater  sigmoid  cavity  is  a  rough  projection, 
sigmoid  cavity  of  the  ulna.     termed  the  "  coronoid  process"  {xopcuvri,  the 
top  of  a  curve),  which  gives  insertion  to  the  "  brachialis  anticus  "  (a  J 
flexor  of  the  fore-arm)  and  origin  to  the' second  head  of  the  "  pronator 
teres,"  and  the  second  head  of  the  "  flexor  sublimis  digitorum."  ^ 
Besides  this,  it  limits  the  flexion  of  the  fore-arm ;  for  when  the 
arm  is  bent  to  an  angle  of  about  40°,  the  point  of  the  process 
strikes  against  the  fossa  at  the  lower  part  of  the  humerus.  In 
dislocation  backwards  the  coronoid  process  is  very  liable  to  be 
broken :  this  complication  makes  reduction  more  easy,  but  subse- 
quent retention  of  the  bones  in  their  proper  place  more  difficult. 
Violent  action  of  the  brachialis  anticus  is  capable  of  breaking  ofi" 
the  coronoid  process :  but  this  is  a  very  rare  case.    Mr.  Liston 
■^ntions  an  instance  which  happened  to  a  boy  about  8  years  old, 
consequence  of  hanging  with  one  hand  from  the  top  of  a  high 
wall.    When  it  is  broken,,  the  coronoid  process  unites  by  ligament, 
owing  to  the  action  of  the  brachialis  anticus. 

Olecranon.  Behind  the  sigmoid  cavity  is  the  "olecranon 
process"  (mKsvyi,  elbow,  and  upavov,  head).  This  serves 
many  purposes.  It  gives  advantageous  leverage  to  the  "  triceps  " 
muscle,  which  is  inserted  into  it  and  extends  the  fore-arm.  It  forms 
a  convenient  knob  of  bone  for  the  protection  of  the  joint  when  we 
lean  on  the  elbow,  and  it  limits  the  extension  of  the  fore-arm. 
The  surgical  interest  about  it  is,  that  it  is  sometimes  broken  by  a 
fall  upon  the  elbow;  and  the  fracture  generally  takes  place  just  at 
the  slight  constriction  where  the  olecranon  joins  the  shaft :  so  .that 
the  joint  is  involved.in  the  mischief.  Fractures  of  the  olecranon, 
like  those  of  the  patella  and  coronoid  process,  unite,  generally,  by 
ligament,  because  it  is  so  difficult  to  keep  the  fragments  in  appo- 


THE  ULNA. 


145 


sition.    But  if  the  tendious  expansion  from  the  triceps  be  not 
torn,  then  the  union  may  take  place  by  bone. 

In  ahnost  all  injmies  about  the  elbow-joint,  however  much  the 
parts  may  be  swollen,  one  can  always  feel  the  olecranon  and  the 
internal  condyle  of  the  humerus.  In  determining,  therefore,  the 
nature  of  obscure  injuries  about  the  elbow-joint,  it  is  a  useful 
practical  rule  to  know  that,  when  the  arm  is  extended,  the  tip  of 
the  olecranon  and  the  internal  condyle  are  about  one  inch  apart 
and  in  the  same  transverse  line.  When  the  arm  is  bent  to  a  right 
angle,  the  olecranon  is  li  inch  from  the  condyle  and  below  it. 
By  this  test  we  can  distinguish  between  dislocation  of  the  ulna 
backwards  and  fracture  through  the  lower  end  of  the  humerus. 
Shaft,  r  The  shaft  of  the  ulna  is  triangular,  and  tapers 
gradually  from  the  upper  towards  the  lower  end, 
where  it  terminates  in  the  little  head  round  which  the  radius  rolls. 
A  transverse  section,  as  seen  in  the 
accompanying  cut,  fig.  20,  shows  the 
sha,pe  of  the  radius  and  ulna  about 
the  middle.  We  observe  that  their 
shai-p  edges  are  turned  towards  each 
other,  and  that  to  these  is  attached 
the  interosseous  membrane  which  con- 
nects the  bones.  Together,  they  form  a  shallow  concavity  both 
above  and  below,  convenient  for  the  lodgment  of  the  muscles  of 
the  fore-arm. 

The  greater  part  of  the  front  as  well  as  of  the  inner  surface  of 
the  shaft  is  occupied  by  the  origin  of  the  "flexor  profundus  S 
digitorum."  On  the  front,  too,  we  see  the  canal  for  the  nutrient 
artery  of  the  medulla.  It  runs  towards  the  elbow  like  that  in  the 
radius.  Lower  down  is  the  origiji  of  the  "pronator  quadratus."  i 
The  back  part  of  the  shaft  is  marked  by  ridges  and  surfaces  for  the 
muscles,  as  follows : — Near  the  elbow  is,  the  triangular  surface  for 
the  insertion  of  the  "  anconeus ; "  next  comes  the  ridge  for  the 
origin  of  the  "  supinator  radii  brevis : "  observe  that  this  muscle 
also  arises  from  the  depression  just  below  the  lesser  sigmoid  cavity. 
Below  the  supinator  brevis  arise  in  succession  part  of  the  "  extensor  f 
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ossis  metacarpi  pollicis,"  '^^'■MIHHIHHH  "  secuudi    '  ^ 

internodii  pollicis,"  and  also  the  "mdicator."  1 1  i{ 

Of  the  three  edges  of  the  shaft,  the  internal  gives  attachment 
to  the  interosseous  membrane ;  the  anterior  is  covered  by  the 
origin  of  the  "  flexor  profundus  digitorum ; "  the  postenor  gives 
origin  to  a  strong  aponeurosis,  which  not  only  covers  the  muscles 
on  the  inner  side  of  the  fore-arm,  but  also  affords  additional 
surface  for  the  origin  of  the  "  flexor  carpi  ulnaris,"  the  "  flexor  >  *" 
digitorum  profundus,"  and  the  "  extensor  carpi  ulnaris."    The  ^ 
posterior  edge  (or  ridge  of  the  ulna,  as  it  is  generally  called,) 
deserves  the  more  notice,  because  it  is  subcutaneous,  and  can  be 
traced  all  the  way  down  ;  so  that,  in  a  doubtful  fracture,  this  is  the 
proper  place  to  feel  for  it.    Before  reaching  the  elbow  the  ridge 
bifurcates,  and  encloses  a  triangular  space,  which  is  also  subcu- 
taneous :  here  we  feel  for  fractures'  of  the  olecranon. 
Lower  end.         The  lower  end  of  the  ukia  is  termed  its  "head." 

It  forms  a  fulcrum  upon  which  the  radius  rolls. 
For  this  purpose  it  has,  on  one  side,  a  convex  surface,  forming 
rather  more  than  half  a  circle,  round  which  the  radius,  and  with  it 
the  hand,  can  rotate  to  the  same  extent.  It  has  also  another 
articular  surface,  which  looks  towards  the  wrist-joint,  and  corre- 
sponds with  the  interarticular  fibro-cartilage  interposed  between  it 
and  the  cuneiform  bone  of  the  wrist.  Observe  that  the  uhia  does 
not  reach  down  quite  so  low  as  the  radius,  and  that  this-fibro- 
cartilage  partly  fills  up  the  interval.  The  reason  why  the  uhia 
does  not  descend  so  low  as  the  radius  is,  to  allow  more  extensive  ^ 
horizontal  movement  of  the  wrist  towards  the  ulnar  side  of  the 
fore-arm. 

The  styloid  process  projects  from  the  lower  end  of  the  6ac^- part 
of  the  ulna,  that  it  may  not  interfere  with  the  rotation  of  the 
radius,  and  gives  attachment  to  the  internal  lateral  ligament  of 
the  wrist.  Between  the  process  and  the  head  there  is  a  groove  on 
the  posterior  aspect  of  the  bone  for  the  passage  of  the  tendon  of 
the  "extensor  carpi  ulnaris "  (Plate  XXIX.);  aiid  inferiorly,  the 
process  is  separated  from  the  head  by  a  depression  for  the  attach- 
ment of  the  triangular  fibro-cartilage  of  the  wrist. 

The  styloid  processes  of  the  radius  and  ulna  caji  be  readily  felt 
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beneath  the  skin,  and  are  important  guides  in  the  determination  of 
injuries  of  the  wrist,  whether  fracture  of  the  radius  or  dislocation. 
The  position  of  the  styloid  processes  with  regard  to  the  axis  of 
motion  at  the  wrist  will  settle  the  question. 

The  ulna  has  three  centres  of  ossification, —  one  for  the  shaft 
and  coronoid  process,  one  for  the  lower  end,  »nd  a  third  for  the 
olecranon.  The  lower  end  begins  to  ossify  about  the  sixth  year, 
and  unites  to  the  shaft  about  the  age  of  twenty.  The  top  of  the 
olecranon  remains  cartilaginous  until  the  age  of  eight,  about  which 
time  it  begins  to  ossify :  it  coalesces  with  the  base  about  the  age  of 
puberty. 


BONES  OP  THE  HAND. 
(Plates  XXVII.  XXVIII.  ?jid  XXIX.) 

The  skeleton  of  the  hand  consists  of  twenty-seven  bones.  The 
first  eight  are  the  little  bones  of  the  carpus ;  the  five  succeeding 
bones  constitute  the  metacarpus :  these  support  the  bones  of  the 
fingers.  Each  finger  has  three  bones,  termed,  in  order  from  the 
wrist,  the  first,  second,  and  third  or  ungual  phalanx.  The  thumb 
has  only  two  phalanges,  —  namely,  the  first,  and  the  third  or 
ungual. 


THE  CAEPTJS. 

(Plate  XXIX) 

The  carpus  consists  of  eight  little  bones,  arranged  transversely  in 
two  rows  of  four  each,  so  as  to  form  a  broad  base  for  the  support  of 
the  hand.  It  is  sometimes  asked,  why  are  there  so  many  bones  in 
the  wrist  ?  The  answer  is,  in  order  that  there  may  be  so  many 
joints :  for  the  structure  of  a  joint  not  only  permits  motion,  but 
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confers  elasticity.  Eemember  tHat  each  articular  surface  is  crusted 
with  cartilage  to  prevent  jarring.  Suppose  there  had  been  a  single 
bone  instead  of  the  eight  carpal  bones,  how  much  more  liable  it 
would  have  been  to  fracture  and  dislocation.  As  it  is,  dislocation 
of  one  or  more  bones  of  the  carpal  range  is  a  rare  occurrence ;  but 
it  does  happen  sometimes.  Sir  C.  Bell  tells  us  that  "  the  boy  that 
played  the  dragon  in  the  pantomime  at  Covent  Garden,  fell  upon 
his  hands,  owing  to  the  breaking  of  the  wire  that  suspended  him, 
and  he  suffered  dislocation  of  some  of  the  carpal  bones  in  both 
hands."  The  bones  of  the  carpus  are  named  as  follow,  beginning 
from  the  radial  side  : — 

EiRST  Eow .  .    "  Scaphoides,"  "  lunare,"  "  cuneiforme,"  "  pisiforme." 
Second  Eow  .    "  Trapezium,"  "  trapezoides,"  "  os  magnum,"  "  unciforme." 

A  separate  description  of  each  of  these  bones  would  be  exceed- 
ingly tedious,  and  is  not  necessary.  We  hope  to  bring  out  a  better 
idea  of  their  general  plan  and  arrangement  by  examining  them 
collectively. 

Carpal  arch.  As  a  whole,  the  outline  of  the  carpus  is  oblong, 
with  the  broad  diameter  in  the  transverse  direction. 
Its  bones  are  wedged  together  so  as  to  form  an  arch  with  the  con- 
cavity towards  the  palm,  beautifully  adapted  for  the  passage  of  the 
flexor  tendons  of  the  fingers.  Fig.  3  in  Plate  XLVIII.  shows  that 
the  piers  of  the  arch  are  formed  on  one  side  by  projections  from 
the  scaphoid  and  trapezium;  on  the  other,  by  the  pisiform  aud 
unciform  bones.  The  arch  is  converted  into  a  complete  tunnel  by 
the  anterior  anmilar  ligament. 

Eadio-carpal       Excluding  the  pisiform,  which  is  only  an  out- 
joiNT.  standing  sesamoid  bone,  we  observe  that  the  other 

three  bones  of  the  first  row  form  a  convex  articidar  surface,  which 
corresponds  with  the  lower  end  of  the  bones  of  the  fore-arm.  This 
joint  is  formed  so  as  to  admit  not  only  of  the  movement  of  flexion 
and  extension,  but  also  of  the  horizontal  movement,  of  the  ™t. 
We  observe  also  that  the  articular  surface  of  the  carpal  bones  is 
prolonged  much  further  down  their  dorsal  than  their  palmar  aspect : 
hence  the  free  movement  of  extension  at  the  wrist.  Looking  at 
the  articular  surfaces  of  the  individual  bones,  we  observe  that  those 
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of  the  scaphoid  and  lunar  correspond  with  the  radius;  while  that 
of  the  cuneiform,  which  is  by  far  the  least  extensive  of  the  three, 
corresponds  with  the  ulna,  not  immediately,  but  by  means  of  the 
triangular  fibro-cartilage  attached  to  the  lower  end  of  the  ulna. 

Intee-cakpal  The  bones  of  the  first  row  articulate  with  each 
JOINT.  other  by  plane  surfaces  crusted  with  cartilage,  but 

they  are  so  firmly  connected  by  ligaments  that  there  is  very  little 
movement  between  them.  CoUectively,  however,  they  form,  with 
the  bones  of  the  second  row,  an  important  moveable  joint,  which 
we  caU  the  "intercarpal."  .  It  is  very  different  in  form  from  the 
first  joint  of  the  wrist,  since  its  outline  is  alternately  convex  and 
concave.  Now  the  advantage  obtained  by  this  second  joint  is,  that 
we  get.  a  greater  range  of  flexion  and  extension  at  the  wrist.  If 
there  had  been  only  a  single  joint  for  this  amount  of  motion,  it 
would  have  been  comparatively  insecure,  and  very  liable  to  disloca- 
tion, whereas  dislocation  of  the  wi-ist,  as  it  is,  happens  very  rarely 
indeed.  By  reference  to  Plate  XXIX.  it  will  be  seen  that  the 
lower  part  of  the  scaphoid  has  a  convex  surface,  which  corresponds 
with  the  trapezium  and  trapezoid,  and  likewise  a  concave  one, 
which,  with  a  concavity  in  th,e  hmar  and  cuneiform  bones,  forms  a 
deep  socket  to  receive  the  head  of  the  os  magnum  and  the  unci- 
form. We  observe,  also,  that  the  scaphoid  articulates  with  five 
bones  inclusive  of  radius;  the  lunar,  with  five  inclusive  of  radius; 
and  the  cuneiform  with  four  inckxsive  of  ulna. 

With  respect  to  the  bones  of  the  second  row,  we  have  to  observe 
that  the  trapezium  and  trapezoid  form  a  shallow  socket  for  the 
scaphoid,  while  the  os  magnum  and  unciform  form  a  convexity, 
which  fits  into  a  deep  socket  in  the  three  bones  of  the  first  row. 
Below,  they  support  the  metacarpal  bones,  as  follow : — The  trape- 
zium supports  the  metacarpal  bone  of  the  thumb  by  a  concavo- 
convex,  or  saddle-shaped  surface ;  the  trapezoid  supports  that  of  the 
fore-finger';  the  os  magnum  that  of  the  middle  finger ;  and  the 
unciform  those  of  the  ring  and  little  fingers.  But  this  is  not  all. 
Observe  that  the  trapezium  supports,  also,  part  of  the  second  meta- 
carpal bone ;  and  the  os  magnum,  also,  part  of  the  second  and  the 
fourth.    The  consequence  is,  that  the  metacarpal  bones  present 
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different  degrees  of  mobility, — ^that  of  the  thumb  being  the  most 
moveable. 

Like  the  bones  of  the  first  row,  those  of  the  second  articulate 
with  each  other  by  plane  surfaces  firmly  connected  by  ligaments. 
In  all,  then,  the  trapezium  articulates  with  four  bones ;  the  trape- 
zoid with  four ;  the  os  magnum  with  seven ;  the  unciform  with  five. 

How  to  distin-     Thus  far  we  have  examined  the  bones  of  the 

guish  the  individual  carpus  collectively; — how  are  we  to  distinguish 
bones  of  the  carpus. 

them  individually  ?  Whoever  remembers  what  has 
been  already  said,  will  not  have  much  difficulty  in  recognising  the 
separate  bones ;  but  it  requires  some  practice  before  one  can 
pronounce  to  which  hand  a  given  bone  belongs. 
Scaphoid  bone.  The  "  scaphoid  "  bone  may  be  told  by  its  boat- 
shaped  socket  (whence  its  name  (rxufri),  by  its 
long  narrow  groove  on  the  dorsal  aspect  between  its  two  convex  sur- 
faces, and  by  its  tubercle  for  the  attachment  of  the  anterior 
anmilar  ligament. 

Hold  the  bone  horizontally,  with  the  largest  convex  surface  look- 
ing upwards,  and  the  groove  towards  yourself:  the  tubercle  will 
point  to  which  hand  the  bone  belongs. 
Lunar  bone.  The  "lunar"  bone  may  be  told  by  its  two 

"  semilunes  "  below  (whence  the  name) :  the  larger 
being  for  the  os  magnum,  the  lesser  for  the  unciform. 

Hold  the  bone  with  its   "semilunes"   downwards,  and  the 
broadest  non-articular  surface  forwards ;  the  larger  semilune  will 
be  on  the  side  to  which  the  bone  belongs. 
Cuneiform  bone.      The  "  cuneiform  "  bone  may  be  told  by  its  Httle 
round  articular  surface  for  the  pisiform  bone,  and 
its  concavo-convex  surface  for  the  unciform. 

Hold  the  bone  with  its  concavo-convex  surface  doAvnwards,  and 
its  round  surface  for  the  pisiform  forwards;  the  broader  end  mil  be 
on  the  side  to  which  the  bone  belongs. 
Pisiform  bone.        The  "  pisiform  "  bone  may  be  told  by  its  pea- 
shape  (whence  its  name) ;  and  by  its  single  articular 

surface  for  the  cuneiform. 

Hold  the  bone  with  the  articular  surface  downwards,  and  the 
little  overhanging  projection  towards  yourself;  the  direction  of  a 
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slight  gi-oove  beneath  the  projection  will  show  to  which  side  the 
bone  belongs. 

Trapezium.  The  "  trapezium  "  (so  named  from  its  shape)  may 

be  told  by  its.  saddle-shaped  articular  surface  for 
the  metacarpal  bone  of  the  thumb ;  by  the  deep  groove  through 
which  the  tendon  of  the  "flexor  carpi  radialis"  runs,  and  the  ridge 
alono-side  it  for  the  attachment  of  the  anterior  annular  ligament. 

Hold  the  bone  with  the  groove  upwards  and  in  the  antero- 
posterior direction,  with  the  ridge  nearest  to  you :  its  saddle-shaped 
surface  will  point  to  which  hand  the  bone  belongs. 

Trapezoid  bone.  The  "  trapezoid  "  bone  (so  named  from  its  shape) 
may  be  told  by  its  four  articular  surfaces  and 

four  angles. 

Hold  the  bone  perpendicularly  with  the  larger  end  upwards.  Let 
the  angle  dividing  the  two  longest  concave  articular  surfaces  look 
directly  forwards.  The  lower  end  of  the  bone  will  incline  rather 
to  the.  side  to  which  it  belongs. 

Os  magnum.  The  "  OS  magnum "  may  be  told  by  its  large 
'  size,  by  its  round  "  head  "  and  slightly  constricted 

"neck." 

Hold  the  bone  with  the  head  pointing  towards  yourself,  and  the 
broadest  non-articular  surface  upwards.  The  projecting  angle  in 
front  will  point  towards  the  side  to  which  the  bone  belongs. 

Unciform  bone.  The  "  Unciform  "  bone  may  be  told  by  its  hook- 
like process  ;  whence  its  name. 

Hold  the  bone  with  the  unciform  process  downwards,  and  the 
articular  surface  with  the  two  facets  directed  forwards.  The  con- 
vexity of  the  process  will  look  towards  the  hand  to  which  it  belongs. 

Ossification  of  At  birth  the  carpus  is  all  cartilaginous.  Ossifi- 
the  carpus.  cation  commences  by  a  single  centre  for  each  bone. 

The  OS  magnum  and  xmciform  begin  to  ossify  about  the  first  year ; 
the  cuneiform  about  the  third  ;  the  trapezium  and  lunar  about  the 
fourth ;  the  scaphoid  and  trapezoid  about  the  eighth ;  and  the 
pisiform  about  the  fourteenth :  this  is  the  last  bone  in  the  body  to 
ossify. 

Muscles  attached  It  will  be  observed  that  no  muscles  are  connected 
to  the  carpus.  "dorsal"  surface  of  the  carpus.  The 
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scaphoid  gives  origin  by  its  "  tubercle  "  to  the  "  abductor  pollicis.' 
The  pisiform  gives  insertion  to  the  "flexor  carpi  ulnaris,"  and 
origin  to  the  "abductor  minimi  digiti."  The  trapezium  gives 
origin  by  its  "  ridge  "  to  the  "  opponens  pollicis,"  and  to  a  part 
of  the  "  flexor  brevis  pollicis,"  of  which  the  larger  part  arises  from 
the  trapezoid  and  os  magnum.  The  unciform  gives  origin  by  its 
"  process "  to  the  "  flexor  brevis  minimi  digiti,"  and  to  the 
"  opponens  minimi  digiti." 

THE  METACAEPUS. 

The  metacarpus  consists  of  the  five  bones  which  support  the 
phalanges  of  the  thumb  and  fingers.  We  speak  of  them  as  the 
first,  SQCond,  third,  &c.,  counting  from  that  of  the  thumb.  Con- 
sidering them  as  "  long  bones,"  we  speak  of  their  shafts  and  their 
two  ends ;  the  iipper  end  being  termed  the  "  base,"  the  lower  the 
"  head  "  of  the  bone. 

The  "shafts"  are  slightly  concave  towards  the  palm,  to  form 
the  hollow  of  the  hand.  They  are  more  or  less  triangular,  being 
made  so  by  the  impressions  of  the  "  interosseous "  muscles  which 
occupy  the  "interosseous  spaces"  between  them.  The  apex  of 
the  triangle  is  on  the  palmar  surface,  the  base  on  the  dorsal  surface 
for  the  convenient  support  of  the  extensor  tendons  of  the  fingers. 

Their  "  bases  "  articulate  not  only  with  the  bones  of  the  carpus, 
but  also,  laterally,  with  each  other :  that  of  the  thumb,  however, 
stands  alone,  so  as  to  oppose  all  the  others :  this  being  the  great 
characteristic  of  the  hand  of  man. 

Their  lower  ends  or  "  heads  "  have  convex  surfaces  for  articulation 
with  the  first  phalanges  of  the  fingers.  These  surfaces  extend 
chiefly  towards  the  palm  for  obvious  reasons.  They  allow  the 
fingers  not  only  to  be  bent  and  extended,  but  also  to  be  moved 
laterally.  On  each  side  of  their  heads  is  a  projection  for  the 
attachment  of  the  lateral  ligaments. 

The  shaft  of  each  met.icarpal  bone  has  a  canal  for  the  nutrient 
artery  of  the  meduUa.  In  the  second,  third,  fourth,  and  fifth 
metacarpal  bone,  the  direction  of  this  canal  is  upwards ;  but  in  the 
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metacarpal  bone  of  the  thumb  its  direction  is  downwards.  This  is 
in  accordance  with  the  law  which  regulates  the  union  of  the 
epiphyses. 

How  to  distin-  The  metacarpal  bone  of  the  thumb  is  distin- 
guish the  meta-  guished  by  the  ,  characteristic '  saddle-shaped  sur- 
cju-palfcones. .       ^^^^  ^^^^^  ^-^^^-^  articulates  with  the  trape- 

zium. Besides  which,  its  shaft  is  shorter,  broader,  and  stronger 
than  the  others,  in  accordance  "vvith  the  many  and  powerful 
muscles  which  act  upon  it.  There  are  no  less  than  nine  muscles 
to  work  the  thumb.  Observe  that  the  great  mobility  of  the  thumb 
depends  upon  this  saddle-shaped  joint  at  its  base;  and  that  its 
power  of  antagonizing  the  fingers  is  owing  to  its  base  being  set  off 
on  a  plane  anterior  to  them. 

Hold  the  bone  with  the  base  towards  you,  and  the  dorsal  surface 
uppermost.  The  facet  on  one  side  of  the  base  (indicating  the 
insertion  of  the  extensor  ossis  metacarpi  pollicis)  will  look  away 
from  the  side  to  which  the  bone  belongs. 

The  metacarpal  bone  of  the  fore-finger  is  distinguished  by  its 
zig-zag  surface  at  the  base,  so  as  to  be  immoveably  wedged  with 
three  of  the  carpal  bones ;  also  by  having  only  one  lateral  facet. 

Hold  the  bone  with  the  base  towards  you  and  the  dorsal  surface 
upwards :  the  lateral  facet  will  be  on  the  side  to  which  the  bone 
belongs. 

The  metacarpal  bone  of  the  middle  finger  may  be  known  by  its 
ha-^^ng  a  smooth  surface  at  the  base  for  the  os  magnum,  and  an 
angiilar  projection  at  the  corner  of  it  for,  the  insertion  of  the 
"extensor  carpi  radialis  brevior."  It  has  also  lateral  facets  on 
each  side. 

V 

With  the  base  towards  you,  and  the  dorsal  surface  uppermost, 
the  comer  of  the  base  which  has  no  projection  will  be  on  the  side 
to  which  the  base  belongs. 

The  metacarpal  bone  of  the  ring-finger  articulates  with  the 
unciform  and  part  of  the  os  magnum.  It  may  be  distinguished  by 
its  smaller  size ;  by  the  absence  of  the  angular  projection  at  the 
base,  which  is  flat,  and  by  its  having  lateral  facets  on  each  side. 

With  the  base  towards  you  and  the  dorsal  surface  uppermost, 
the  base  has  a  slight  inclination  towards  the  side  it  belongs  to. 
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The  metacarpal  bone  of  the  little  finger  may  be  recognised  by 
its  concavo-convex  surface  at  the  base  to  articulate  with  the  unci- 
form bone,  and  by  its  having  only  one  lateral  facet. 

With  the  base  towards  you  and  the  dorsal  surface  \ippermost, 
the  side  of  the  base  which  has  no  facet  will  look  to  the  side  to  which 
the  bone  belongs. 

Ossification  of  The  structure  of  each  metacarpal  bone  is  pre- 
metacarpal bones.  ]];^q  ^j^at  of  the  great  long  bones;  and  a 

longitudinal  section  through  one  of  them  would  display  the  medul- 
lary cavity,  and  the  great  thickness  of  the  compact  wall  of  the 
shaft.  Hence  a  broken  metacarpal  bone  is  comparatively  rare. 
Like  all  the  long  bones,  each  metacarpal  bone  has  a  centre  of  ossifi- 
cation for  the  shaft  and  one  for  each  of  the  articular  ends.  In  the 
first  metacarpal,  the  artery  of  the  marrow  runs  towards  the  lower 
end,  therefore  the  lower  epiphysis  unites  sooner  than  the  upper  to 
the  shaft.  This  is  just  the  reverse  of  what  takes  place  in  all  the 
other  metacarpals,  in  which  the  artery  of  the  marrow  runs  towards 
the  upper  end. 

THE  BONES  OF  THE  FINGEES. 

Each  finger  consists  of  three  bones,  successively  decreasing  in 
size,  and  termed,  respectively,  the  first,  second,  and  last  or  ungual 
«  phalanx."  The  thumb  has  only  two  phalanges,  and  these  corre- 
spond to  the  first  and  last  of  those  of  the  fingers.  A  general 
description  will  suffice  for  all. 

The  structure  of  each  phalanx  is  precisely  like  that  of  the  great 
long  bones,  and  a  longitudinal  section  through  one  of  them  would 
display  the  great  .thickness  of  the  compoct  wall  of  the  shaft.  A 
broken  phalanx  is  comparatively  rare. 

Considering  the  phalanges  as  "long"  bones,  we  speak  of  tbeir 
shafts  and  their  articular  ends.  The  shafts  are  convex  on  the 
dorsal  surface,  and  flat  on  the  palmar,  for  the  convenient  play  of 
the  flexor  tendons:  and  iere  we  have  to  observe,  that  on  each  side 
of  this  flat  surface  there  is  a  slight  ridge  for  the  attachment  of  the 
fibrous  sheath  (theca),  which  keeps  the  tendons  in  their  place. 
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BONES  OF  THE  FINGERS. 

The  first  phalanges  are  distinguished  by  their  greater  length ; 
but  chiefly  by  the  shape  of  their  upper  (metacarpal)  ends,  which 
do  not  form  strictly  hinge-joints,  but  have  concave  oval  surfaces, 
with  the  long  diameters  transverse,  adapted  for  lateral  movement 
as  weU  as  flexion  on  the  heads  of  the  metacarpal  bones.  In  accord- 
ance with  this  lateral  movement,  we  observe,  on  each  side,  a 
tubercle  for  the  advantageous  msertion  of  the  interosseous  muscles 
which  produce  it.  With  this  exception,  aU  the  other  joints  of  the 
fingers  are  strictly  hinge-joints. 

The  second  phalanges  are  recognised  by  the  shape  of  their  upper 
ends,  which  have  two  surfaces,  with  an  intervening  ridge,  so  as  to 
form  a  hinge  with  the  first  phalanges.  They  have  also  tubercles 
behind  for  the  insertion  of  the  extensor  tendons. 

The  last  or  imgual  phalanges  are  the  shortest.  Their  ends 
expand  into  a  horse-shoe  shape,  smooth  on  one  surface  for  the 
support  of  the  nails,  and  rough  on  the  other  for  the  support  of  the 
pulp  of  the  fingers. 

It  may,  perhaps,  be  interesting  to  some  persons  to  know  that  the 
"middle  digit"  is  the  most  constant  of  all  the  digits  in  the 
vertebrate  series.  Few  are  aware  that  the  bones  forming  the  three 
joints  of  this  finger  answer  to  those  called  "  great  pastern  bone," 
"  little  pastern  bone,"  and  cofl&n  bone  in  the  horse ;  and  that  the 
nail  in  this  finger  represents  the  hoof. 

Each  phalanx  has  two  centres  of  ossification  :  one  for  the  shaft 
and  the  lower  end ;  the  other  for  the  upper  end,  which  remains  an 
epiphysis  till  about  the  twentieth  year^ 


SESAMOID  BONES. 

These  little  bones  are  so  called  from  their  resemblance  in  size 
and  shape  to  the  grain  "  sesamum.^^  They  are  met  with  in  the 
substance  of  tendons  in  the  neighbourhood  of  joints, — 'the  "patella," 
or  "  knee-pan,"  being  the  best  example.  Their  use  is  to  increase 
the  leverage  of  the  tendons.  The  thumb  has  two  of  these  bones 
beneath  its  metacarpal  joint,  to  increase  the  leverage  of  the  "  flexor 
brevis  poUicis."    We  rarely  find  any  for  the  fingers. 
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MUSCLES  ATTACHED  TO  TIIE 


Of  all  animals,  the  mole  has  the  most  remarkable  apparatus  of 
"  sesamoid  "  bones.  Its  prodigiously  strong  digging  feet  are  richly 
provided  with  them,  in  order  to  increase  the  leverage  of  the 
brachial  muscles,  which  enable  the  animal,  as  it  were,  to  swim 


through  the  earth. 


MUSCLES  ATTACHED  TO  THE  SKELETON  OF  THE  HAND, 

EXTENSORS  OF  THE  WRIST  (Plate  XXVIII.) 

„  ^  fO.  External  condyloid  riclfire  of  humerus. 

Extensor  carpi  radiahs  longior  |  j_  -3^^^     second  metacarpal  bone. 

_,  ,  f  O.  External  condyle  of  humerus. 

Extensor  carpi  radialis  brevior  -3^^^     ^^^^  metacarpal  bone. 

_,                ...  f  0.  External  condyle  of  humerus. 

Extensor  carpi  ulnaris   |  j_  ^^^^     ^^^^  metacarpal  bone. 

ELEXORS  OP  THE  WRIST  (Plate  XXVII.) 

_,             .        ,.  f  O.  Internal  condyle  of  humerus. 

Flexor  carpi  radialis   |  j_  -^^^^     gg^jo^d  metacarpal  bone. 

.   ,     .  r  0.  Internal  condyle  of  humerus,  ridge  of  ulna. 

Flexor  carpi  ulnaris   |  j_  ^.^^^     gf^l^  metacarpal  bone. 

Here  we  must  remark,  that  in  consequence  of  the  flexors  and 
extensors  of  the  wrist  being  inserted  below  the  second  row  of  the 
carpal  bones,  they  necessarily  act  on  the  "  intercarpal"  as  well  as 
on  the  "  radio-carpal "  joint.  Thus,  a  greater  amount  of  motion  is 
provided  for  the  wrist  than  it  otherwise  could  have  had  with  safety ; 
for  if  so  free  a  motion  had  been  given  to  one  joint,  the  angle  of 
flexion  must  have  been  very  great,  and  the  ligaments  must  have 
been  looser  than  would  have  been  consistent  with  the  secuiity  of 
the  joint. 

EXTENSORS  OF  THE  THUMB. 

f  0.  Back  of  radius,  ulna,  and  interosseous  liga- 

Extensor  ossismetacarpipoUicis  ...  j       ^^'i*-  ^        ,  ,,' 
^  Base  of  first  metacarpal  bone. 

rO.  Back  of  radius,  ulna,  and  interosseous  liga- 

Extensor  primi  internodii  pollicis'...-^  ment. 

^  [  I.  Base  of  first  phalanx. 

...     ...  .  f  0.  Back  of  ulna. 

Extensor  sccundi  intcrnodii  poUicis j_  -q^^^  of  third  phalanx. 


SKELETON  OF  THE  HAND. 
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MUSCLES  OP  THE  BALL  AND  TLEXOKS  OF  TUE  THUSIB. 


Tubercle  of  scaphoid,  annular  ligament. 
Base  of  first  phalanx. 


Abductor  pollicis  ^j' 

CO.  Trapezium,  annular  ligament. 
Opponens  pollicis   |  j_        along  first  metacarpal  bone. 

r  0.  Trapezium  and  annular  ligament ;  2,  trape- 
Plexor  brevis  polUcis  \  ^      zoid  and  os  magnum. 

I.  L  Both  sides  of  base  of  first  phalanx. 

/  O.  Front  surface  of  radius. 
Flexor  longus  pollicis   -j^  ^  g^se  of  last  phalanx.     .  . 


Adductor  polhcis   <,j 


0.  Shaft  of  third  metacarpal  bone. 


Base  of  first  phalanx. 


EXTENSORS  OP  THE  FINGERS. 

■  0.  External  condyle  of  humerus. 


.       .  r  0.  External  condyle  of  humerus. 

Extensor  communis  digitorum  j  j    Second  and  thh-d  phalanges  of  all  the  fingers. 

r  0.  Back  of  the  ulna. 
Indicator  -J^  j    ggcond  and  third  phalanges  of  fore-finger. 

External  condyle  of  humerus. 
Second  and  third  phalanges  of  little  finger. 


......  ro.  External  condyle  of  humerus. 

Extensor  mmimi  digiti  <j  t-g 


FLEXORS  OB"  THE  FINGERS. 


r  0.  Internal   condyle ;    2,    coronoid  process  ; 

Flexor  sublimis  digitorum  <         3,  ridge  of  radius. 

|_I.  Sides  of  second  phalanges  of  all  the  fingers. 

w,  ■         ,.    -t     J.  ■  ro.  Front  and  inner  side  of  ulna. 

Flexor  profundus  digitorum  |  j_  ^j^^  phalanges  of  all  the  fingers. 


MUSCLES  OF  THE  BALL  OF  THE  LITTLE  FINGER. 

Abductor  minimi  digiti  <^^' 


'  O.  Pisiform  bone. 

Base  of  fii-st  phalanx. 


T-,  ro.  Unciform  bone. 

Flexor  brevis  digiti  mmim.   |  j_  ^^^^  ^^^^ 

........  ro.  Unciform  bone. 

Opponens  d.g.ti  mmimi  |  j_        ^^^^^       metacai-pal  bone. 


INTEEOSSEOUS  MUSCLES. 

There  are  eight  interosseous  muscles  :  four  on  the  dorsal  aspect, 
and  four  on  the  palmar  aspect  of  the  hand.  The  dorsal  interosseous 
arise  from  the  opposite  sides  of  the  metacarpal  bones,  and  ai-e 
inserted  into  the  first  phalanges  of  the  fingers,  so  that  they  separate 
the  fingers  from  each  other ;  in  other  words,  they  draw  the  fingers 
from  a  stationary  line  supposed  to  pass  down  the  centre  of  the 
middle  finger,  as  represented  by  the  dotted  line  in  fig,  21,  on  the 
other  side  of  this  page. 
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The  palmar  interossei  arise  each  from  one  metacarpal  bone,  and 
are  inserted  into  the  fingers,  so  that  they  bring  them  together ;  in 


Four  dorsal  interossei  Pour  palmar  interossei 

drawing  from  the  middle  drawing  towards  the  i^iid- 

line.  die  Hne. 

fact,  they  draw  towards  the  stationary  line  down  the  centre 
middle  finger,  as  shown  in  cut,  fig.  22. 


BONES  OF  THE  LOWER  EXTREMITY. 

The  bones  of  the  lower  extremity  consist  of  the  "  femur,"  the 
"patella,"  the  two  bones  of  the  leg,  namely,  the  "tibia"  and 
"fibula,"  the  bones  of  the  "tarsus,"  the  "metatarsus,"  aaid  the 
"phalanges"  of  the  toes. 

The  femur  articulates  with  the  pelvis.     Now  the  pelvis  itself  is 
composed   of  several  bones,  -  namely,  the  "os  sacrum,"  the 
"coccyx"  or  terminal  piece  of  the  spine,  and  the  two  "ossa 
innominata,"  one  on  each  side.    These  are  wedged  together  so 
to  form  a  solid  arch.    The  weight  of  the  spine  is  supported  by  the 


THE  INNOMINATE  BONE. 


159 


sacrum,  or  key-stone  of  the  arch ;  and  the  weight  of  the  trunk  is 
transmitted  from  the  sides  of  the  arch  on  to  the  thigh-bones.  We 
shall  therefore  describe,  first,  the  constituent  bones  of  the  pelvis, 
beffinning  with  the  "  os  innominatum." 


0/4  jl  N  N  O  M I N  A,T  U  M. 
(Plate  XXX.) 


Division  into  The  "  OS  innominatum,"  so  named  by  Gralen,  is 
Ilium,  IscHirai,  made  up  of  three  bones,  distinct  in  childhood,  but 
and  PuBEs.  united  in  the  adult,  and  termed  the  "ilium," 
"ischium,"  and  "pubes."  Thus  its  constituents  have  received 
appropriate  names,  but  the  bone,  consolidated,  remains  "  nameless." 
The  "  ilium  "  is  the  expanded  part  which  supports  the  flank  (ilia) ; 
the  "ischium"  supports  the  body  in  the  sitting  posture  {lax^a,  the 
buttocks);  the  "pubes"  is  the  front  part, —  so  called  from  its 
being  covered  with  hair.  All  three  contribute  to  form  the 
"  acetabulum,"  or  socket  for  the'  thigh-bone,  and  in  the  following 
proportions  (fig.  3) :  —  the  ischium  contributes  rather  more  than 
|-th,  the  ilium  rather  less  than  fths,  and  the  pubes  about  |-th. 
In  childhood  they  are  united,  at  the  bottom  of  the  acetabulum,  by 
a  piece  of  cartilage,  shaped  like  the  letter  Y.  In  the  adult,  how- 
ever, little  trace  is  left  of  the  original  division,  so  that,  for  practical 
purposes,  it  is  better  to  consider  the  bone  as  one,  and  to  describe 
successively  its  iliac,  pubic,  and  ischial  portions.  In  studying  the 
relative  bearings  of  these  several  parts  in  the  erect  position  of  the 
body,  the  bone  should  be  held  at  such  an  inclination  that  the 
"  notch  "  be  at  the  lowest  part  of  the  acetabulum. 

Ilium.  The  ilium  (os  ilii)  forms  a  broad  expanse  for  the 

support  of  the  abdominal  viscera,  and  gives  a 
powerful  leverage  to  the  great  muscles  which  balance  the  pelvis  on 
the  head  of  the  thigh-bone.  We  must  examine  its  outer  and  inner 
surface,  and  its  borders. 
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Outer  surface.  The  outer  surface  of  the  ilium  (dorsum  ilii)  is 
slightly  undulating,  being  convex  on  its  anterior 
and  concave  on  its  posterior  half.  In  a  well-marked  bone,  we 
discern  the  traces,  termed  the  "  superior  and  inferior  curved  lines," 
which  map  out  the  origins  of  the  gluteal  muscles.  These  lines 
commence,  the  one  at  the  "  anterior  superior  spine,"  the  other  at 
the^ "  anterior  inferior  spine,"  and  extend  backwards  to  the 
"greater  jschiatic  notch."  The  surface  above  tlie  superior  line 
gives  origin  to  the  "  gluteus  medius ; "  that  between  the  lines  to 
the  "gluteus  minimus."  A  rough  surface  further  back  indicates 
the  origin  of  a  part  only  of  the  "  gluteus  maximus."  Just  above 
the  acetabulum  is  the  second  origin  of  the  "  rectus  "  (femoris),  the 
first  being  at  the  "  anterior  inferior  spine." 

Inner  surface  :  The  inner  surface  of  the  ilium  is  slightly  exca- 
Hiac  fossa.  vated,  SO  as  to  form  the  "  iUac  fossa."    This  fossa 

is  one  of  the  characteristics  of  the  human  skeleton,  and  its  purpose 
is  to  support  the  abdominal  viscera.    It  gives  origin  to  the  "  iliacus 
internus."    Hold  the  bone  to  the  light  and  observe  that  the  bottom 
of  the  fossa  is  the  thinnest  part  of  the  Uium,  for  the  good  reason, 
that  it  is  out  of  the  line  of  the  weight  of  the  body.    The  fossa  is 
boimded  below  by  the  "  Hnea  ileo-pectinea,"  which  forms  the  true 
brim  of  the  pelvis.     We  are  not  surprised  that  this  brim  is  the 
thickest  and  strongest  part  of  the  bone,  since  it  is  the  "  line  of  the 
■  pelvic  arch,"  along  which  the  weight  of  the  trunk  is  transmitted  to 
the  head  of  the  thigh-bone.    No  one  can  form  an  adequate  idea  of 
the  massive  architecture  of  this  part  of  the  pelvis  without  inspecting 
a  longitudinal  section  such  as  we  have  made  in  Plate  XXXIII. 
But  we  must  postpone  for  the  present  the  mechanism  of  this 
eautiful  arch.      Behind  the  iliac  fossa  is  the  articulai-  siu-face 
for  the  sacrum  (sacro-iliac   symphysis).      The  front  part  of 
this  is  shaped  like  a  little  ear,  and,  in  the  recent  |tate,  crusted 
with  cartilage,  which  acts  as  a  "buffer"  to  the  joint,  while  the 
hinder  part  is  exceedingly  rocky  for  the  attachment  of  the  strong 
"interosseous"  ligament  which  secures  it.    Lastly,  on  the  mner 
surface  is  the  large  foramen,  which  transmits  nutrient  blood-vessels 
and  a  nerve  into  the  cancellous  texture.  f 
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Crest  and  The  upper  border  of  the  ilium  is  termed  the 
spines.  "crest."    Looking  at  it  from  above,  we  observe 

that  its  outline  is  alternately  concave  and  convex,  like  the  adjommg 
figure  (23),  in  adaptation  to  the  general  surface  of  the  ilium,  which 
undulates  at  the  one  part  to  form  the  "  iliac  fossa  "  (i),  fig.  23. 
and  at  the  other,  to  form  what  may  be  termed  the 
" gluteal  fossa"  (g),  for  the  convenient  lodgment  of  the 
muscles  of  the  buttock.  The  crest  is  rough  and  broad, 
and  is  spoken  of  in  the  "  schools  "  as  presenting  three 
vqipsj"  —  an  "outer,"  an  "inner,"  and  a  "middle,"  for 
the  oriarin  of  the  muscles  which  form  the  lateral  walls  of 
the  abdomen.  The  outer  lip  gives  origin  to  the 
"  obliquus_externus  abdominis  "_an.d^.th.e-^Uatissimus  dorsi ;"  the 
middle  lip  gives  origin  to  the  "  obliquus  internus ;  "  and  the  inner 
lip  to  the  "  transversalis  abdominis,"  the  "  quadratus  lumborum," 
and  a  part  of  the  "  erector  spinse." 

Along  the  front  border  of  the  ilium  we  have  to  notice  the  "  ante- 
rior-superior "  and  "  anterior-inferior  spines,"  with  the  shallow  notch 
between  them.  The  superior  spine,  and  the  edge  of  the  notch  below, 
give  origin  to  the  "  sartorius,"  and  the  inferior  spine  to  one  head 
of  the  rectus.  Below  this  spine  there  is  another  notch,  for  the 
passage  of  the  iliacus  and  psoas  muscles,  and  then  we  come  to  the 
"  ileo-pectmeal  eminence,"  where  the  ilium  and  pubes  join.  This 
eminence  is  interesting,  practically,  as  the  part  over  which  the  femo- 
ral artery  passes  into  the  thigh,  and  against  which  it  can  be  effec- 
tually compressed. 

Along  the  posterior  border  of  the  ilium  are  the  "posterior- 
superior"  and  "posterior-inferior  spines,"  with  the  little  notch 
between  them.  These  spines  are  for  the  attachment  of  ligaments. 
Below  the  spines  is  the  "  greater  ischiatic  notch,"  which  transmits 
the  great  vessels  and  nerves  from  the  pelvis  to  the  buttock  and 
back  of  the  thigh.  Lower  still  is  the  "  spine  of  the  ischium,"  and 
then  we  come  to  the  "  lesser  ischiatic  notch."  In  the  recent  state 
the  notches  are  converted  into  complete  holes  by  the  "sacro- 
ischiatic  ligaments,"  greater  and  lesser  respectively,  as  she\vn  in  the 
cut,  fig.  24.  These  ligaments  deserve  attention  because  they 
answer  three  important  purposes — I.  they  mainly  contribute  to 
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the  fixation  of  the  sacrum,  which  is  the  keystone  of  the  pelvic 
arch ;  2.  they  afford  an  extensive  surface  for  the  origin  of  the 

TiQ.  24. 


Lesser  "1 

>sacro-iscliiatic  ligament. 
Greater  J 


great  muscle  of  the  buttock  (glutseus  maximus) ;  3.  they  help 
to  form  the  floor  of  the  pelvis,  and  support  the  pelvic  viscera, 
without  adding  much  to  the  weight  of  the  cavity.  Eetuming  to 
the  notches,  we  must  bear  in  mind  the  several  objects  which  pass 


through  them. 


These  objects  are  as  follow : — 


The  greater  ischiatic  notcli  transmits 


The  lesser  iscMatic  notcli  transmits 


GlutiBal  vessels  and  nerve.  — ' 
Pyriformis  muscle.  ., 
Greater  and  lesser  ischiatic  nerves.  - 
Ischiatic  vessels. 

Pudic  vessels  and  nerve  (out  of  pelvis). 

J"  Tendon  of  the  obturator  intemus.  \^  OT 
1  Pudic  vessels  and  nerve  (into  pelvi?). 


PUBES. 


The  "pubes"  is  usually  described  as  having  a 
«  body  "  and  two  branches :  one  of  which,  called  the 
"horizontal  ramus,"  joins  the  ilium  at  the  ilio-pectineal  eminence; 
the  other,  called  the  «  descending  ramus,"  joins  the  ramus  of  the 
ischium.  Here  it  is  necessary  to  observe,  that  the  terms  «  horizon- 
tal "  and  «  descending,"  as  descriptive  of  the  direction  of  the  "rami," 
are  erroneous.  But  they  have  crept  into  general  use,  and  therefore 
we  must  use  them.  The  error  has  arisen  from  the  pelvis  havmg 
been  described  as  if  it  were  horizontal,  which  it  is  not.  Only  look 
at  a  properly  articulated  skeleton,  or  hold  the  pelvis  inchned  at  its 
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proper  angle  (50°)  to  the  horizon,  and  you  will  soon  see  that  the 
pelvic  rami  run  in  a  direction  almost  the  reverse  of  that  which  is 
implied  by  their  names. 

The  "horizontal  ramus"  of  the  pubes  is  somewhat  triangular. 
Its  upper  surface  gives  origin  to  the  «  pec1ii£usA*^nd  is  marked  by 
the  continuation  of  the  true  brim  of  the  pelvis,  or  ileo-pectineal 
line,  which  gives  insertion  to  the  "^£soas^amis  "  when  there_is_one, 
and' also  to  that  part  of  the  "crural  arch"  termed  "Gimbernaty 
ligament."  The  inner'  surface  forms  pa,rt  of  the  wall  of  the  true 
pelvisTwhife  its  lower  surface  bounds  the  obturator  foramen,  and  is 
gi-ooved  for  the  passage  of  the  obturator  vessels  and  nerve. 
Pubic  arch.  The  "^descending  ramus  "  of  the  pubes  inclines 

outwards  and  backwards,  and  forms,  with  its  fellow 
of  the  opposite  side,  what  is  called  the  "  axch  of  the  pubes."  The 
margin  of  the  arch  slopes  a  little  outwards,  so  as  to  form  a  groove 
for  the  attachment  of  the  "  crus  penis "  or  "  clitoridis,"  as  the 
case  may  be ;  but  this  shelving  of  the  arch  is  especially  consider- 
able in  the  female,  to  facilitate  the  passage  of  the  child.  Behind 
the  groove  is  the  origin  of  the  "  compressor  urethrae." 
Body  of  the  pubes.    The  "body"  of  the  pubes  (Plate  XXXn.)  is 

connected  along  a  rough  and  somewhat  oval  sur- 
face to  the  answerable  part  on  the  opposite  bone.  This  imion  is 
termed  the  "  symphysis  pubis."  Observe  the  bones  are  not  here 
in  immediate  apposition,  but  united  by  fibro-cartilage  of  at  least 
■i-ths  of  an  inch  in  thickness  in  front,  which  is  elastic,  like  that  be- 
tween  the  bodies  of  the  vertebrae,  and  while  it  completes  the  pelvic 
arch  below,  serves  also  to  obviate  the  effects  of  concussion.  The 
summit  of  the  pubes  is  a  most  important  part  in  relation  to  the 
anatomy  of  hernia.  The  chief  point  of  interest  here  is  the  "  spine." 
This  is  for  the  attachment  of  the  "  crural  arch  "  (Poupart's  liga- 
ment), and  is  our  guide  to  the  external  abdominal  ring.  From  the 
spine  we  trace  oiitwards  the  beginning  of  the  linea  ileo-pectinea, 
where  "  Grimbemat's  ligament "  is  attached.  Between  the  spine 
and  the  symphysis  lies  the  part  called  the  "  crest,"  to  which  so 
many  muscles  are  attached.  There  is,  namely,  proceeding  from  the 
front,  the  insertion  of  the  conjoined  tendon  of  the  "internal  oblique" 
and  "  transversalis,"  the  origin  of  the  "  pyramidalis,"  and  that  of  the 
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"  recUis  abdominis."  The  posterior  surface  of  the  body  forms  part 
of  the  lower  wall  of  the  pelvic  cavity ;  and  you  should  observe  that 
its  angle  of  inclination,  as  well  as  that  of  the  "  symphysis,"  is  such 
as  to  present  a  gently  sloping  plane  for  the  support  of  the  pelvic 
viscera.  Lastly,  its  anterior  surface  is  rough  for  the  origin  of  mus- 
cles ;  namely,  the  "  adductor  longus,"  "  brevis "  and  part  of  the 
"  magnus,"  also  the  "  obturator  externus  "  and  the  "  gracilis." 
Ischium,  The  ischium  completes  the  lower  part  of  the 

innominate  bone.    It  serves  both  to  support  the 
trunk  in  sitting,  and  projects  advantageously  for  the  origin  of  the 
hamstring,  muscles.    If,  in  imagination,  we  separate  it  from  the 
rest  of  the  bone,  then  we  should  point  out  a  "  body,"  which  is  the 
most  bulky  part  of  it,  for  the  formation  of  the  acetabulum :  from 
this,  the  bone  drops  vertically  to  form  the  "tuberosity"  upon 
which  we  sit;  and  then,  curving  forwards  like  a  hook,  it  forms 
the  "  ascending  ramus,"  which  unites  with  the  corresponding  part 
of  the  pubes,  and  thus  completes  the  "  foramen  ovale."  Leaving 
the  acetabulum  for  separate  "study,  we  pass  on  to  notice  the  "  spine 
of  the  ischiumj"  which  separates  the  "  greater  "  from  the  "  lesser 
.  ischiatic  notch."    There  is  much  to  be  said  about  this  spine.  Its 
outside  gives  origin  to  the  "  gemellus  superior ; "  its  inside  gives 
origin  to  the  "  coccygeus  "  and  a  small  part  of  the  "  levator  ani  : " 
the  front  part  of  the  levator  ani,  you  should  observe,  arises  from 
the  body  of  the  pubes,  while  the  intermediate  part  of  it  arises  from 
a  kind  of  tendinous  arch  thrown  across  from  one  point  of  bone  to 
the  other.    Eeverting  to  the  spine,  we  must  remember  that  the 
lesser  sacro-ischiatic  ligament  is  attached  to.it,  and  that  the  inter- 
nal pudic  artery  crosses  over  its  outer  surface,  so  that,  in  case  of 
■  severe  haemorrhage  after  lithotomy,  it  would  be  possible  in  a  thin 
subject  to  compress  the  artery  against  the  bone. 

Foramen  ovale  It  matters  little  what  part  of  the  ischium  we 
or  obturatum.  examine  next ;  but  let  us  take  the  "  foramen  ovale" 
or  "  obturatum."  The  wide  opening  is  of  an  oval  form  in  the 
male,  but  triangular,  with  rounded  angles,  in  the  female.  It  is 
closed  in  the  recent  state  by  the  "obturator  membrane,"  every- 
where except  at  the  top,  where  a  small  apertm-e  is  left  for  the 
passage  of  the  obturator  vessels  and  nerve  into  the  thigh.  The 
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chief  purpose  of  the  hole  is  to  lighten  the  pelvis.  The  closing 
membrane  serves  for  the  origin  of  the  obturator  muscles  just  as 
well  as  if  it  had  been  a  plate  of  bone :  besides  which,  it  gives  a 
little  during  the  passage  of  the  head  of  the  child.  Externally,  the 
border  of  the  hole  gives  origin  to  the  "  obturator  externus  ;"  and, 
at  the  mention  of  this  muscle,  one  naturally  points  to  the  groove 
between  the  acetabulum  and  the  tuberosity,  along  which  its  tendon 
runs  to  be  inserted  into  the  thigh-bone. 

Behind  the  foramen  ovale,  the  ischium  presents  a  smooth  and 
extensive  surface,  forming  much  of  the  lateral  wall  of  the  pelvic 
cavity.  Observe  that  it  inclines  so  as  to  form  a  gentle  slope  to- 
wards the  lower  opening  of  the  pelvis.  Now  it  is  this  "  slope  of  the 
ischium"  which  guides  the  head  of  the  child  after  it  has  entered 
the  brim  of  the  pelvis,  and  makes  it  turn  so  that  the  longest 
diameter  of  the  head  corresponds  with  the  widest  part  of  the  out- 
let. The  greater  part  of  the  slope  gives  origin  to  the  "  obturator 
intemus."  This  muscle  also  arises  from  the  margin  of  the  obtu- 
rator foramen,  as  well  as  the  membrane  closing  it ;  and  with  this 
muscle  we  jnust  associate  the  lesser 
ischiatic  notch,  because  it  forms  the  beau- 
tiful pulley,  crusted  in  the  recent  state 
with  cartilage,  round  which  the  many 
tendons  of  this  muscle  turn,  in  order  to 
rotate  the  thigh-bone. 

Tuberosity.  The  tuberosity  of  the 

ischium  is  obviously  in- 
tended to  answer  a  double  purpose  — 
1.  it  serves  to  support  the  trunk  in  the 
sitting  position ;  2.  it  forms  a  lever  for 
the  action  of  the  hamstring  muscles,  of 
which  one  important  function  is  to  restore 
the  body  to  the  erect  position  after  stoop- 
ing, as  seen  in  the  annexed  cut,  fig.  25. 
This  is  a  lever  of  the  first  order.  The 
fulcrum  F  is  at  the  hip-joint ;  the  weight 
W  is  the  trunk  of  the  body ;  and  the 
power  P  is  at  the  tuberosity  of  the 


Fig.  25. 


The  tuberosity  of  the  ischium, 
a  lever  of  the  first  order. 
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ischium,  where  the  hamstring  muscles  arise.    On  the  "  tuberosity  " 
itself  there  is  nothing  to  remark  beyond  the  rough  impressions 
made  by  the  strong  muscles  attached  to  it.     At  its  back  part 
there   is  the  conjoined   origin  of  the   "  semitendinosus"  and 
"  biceps,"  the  origin  of  the  "  semimembranosus  "  and  the  "  quad- 
ratus  femoris,"  and  still  higher  that  of  the  "  gemellus  inferior." 
At  its  lowest  part  begins  the  origin  of  the  "adductor  magnus," 
which  is  continued  a  long  way  up  the  ramus,  nearly  to  the  body 
of  the  pubes.     Along  the  inner  side  of  the  tuberosity  is  a  rough 
ridge  to  which  the'  greater  ischiatic  ligament  is  attached:  anterior 
to  this,  but  in  the  same  line,  is  the  origin  of  the  "  erector  penis," 
and  that  of  the  "  transversaHs  perinei  Buperficialis." 
Acetabulum.         Lastly,  we  come  to  the  "  acetabulum."    This  is 
so  named  from  its  resemblance  to  an  ancient  vinegar 
cup.    Observe  its  great  depth  and  hemispherical  form  adapted  for 
the  secure  lodgement  of  the  head  of  the  thigh-bone,  and  for  more 
or  less  movement  in  any  direction.  It  looks  downwards  and  outwards 
so  as  to  transmit  the  weight  of  the  trunk  directly  on  to  the  head 
of  the  thigh-bone  ;  and  the  upper  or  iliac  portion  of  it  is  by  far  the 
thickest  and  Strongest,  since  it  has  to  support  the  whole  weight  of 
the  trunk  in  the  erect  posture.    All  these  points  are  of  interest, 
because  they  are  characteristic  of  the  human  skeleton.    There  are 
two  notches  in  the  margin  or  "brim"  of  the  acetabulum.  The 
upper  and  smaller  one  is  near  the  ileo-pectineal  eminence,  and 
permits  the  free  bending  of  the  thigh  towards  the  abdomen.  The 
other  and  larger,  specially  called  "  the  notch,"  is  at  the  lowest  part 
of  the  margin.    It  permits  the  "adduction"  of  the  thigh,  as,  for 
instance,  when  we  cross  the  legs,  and  also  lets  blood-vessels  run 
into  the  acetabulum  to  supply  the  ligamentum  teres,  and  the  fat  at 
the  bottom  of  it.    Besides  which,-  there  is  no  need  of  bone  at  the 
lowest  part  of  the  socket,  which  never  has  to  support  weight  Two 
ligaments  are  attached  to  the  borders  of  the  notch :  one  is  the 
"ligamentum  teres;"  the  other  is  the  "transverse  ligament,"* 
which  runs  across  it  to  complete  the  margin  of  the  acetabulum. 

*  The  transverse  ligament  is  sometimes  ossified  in  extreme  old  age.    Sec  a  pre- 
paration in  the  Huutcriau  Museum,  No.  552-1. 
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Deep  as  it  is,  even  in  the  dry  bone,  the  acetabulum  is  made  still 
deeper  in  the  recent  state  by  a  rim  of  fibro-cartilage,  called  the 
«  cotyloid  ligament,"  which,  besides  increasing  its  depth,  serves  as 
a  «  sucker"  to  keep  the  head  of  the  bone  in  the  socket. 

Looking  into  the  socket,  we  observe  that  it  is  smooth  everywhere, 
except  at  the  bottom,  where  there  is  an  irregular  excavation  con- 
tinuous with  the  notch  below.  This  is  to  allow  the  free  play  of  the 
ligamentum  teres  within  the  joint,  and  is  partly  occupied  by  fat 
and  synovial  fringes.  If  the  socket  be  held  up  to  the  light,  the 
bottom  of  it  will  be  found  thin  enough  to  be  transparent.  This 
thinness  explains  why,  in  some  cases  of  diseased  hip-joint,  the  mat- 
ter makes  its  way  throiigh  the  socket  into  the  pelvic  cavity.*  It 
likewise  explains  why  a  fall  on  the  trochanter  major  is  able  to 
fracture  the  bottom  of  the  acetabulum.  We  have  a  preparation  f 
in  the  museum  of  St.  Bartholomew's  Hospital  in  which  a  fracture, 
caused  by  a  fall  on  the  trochanter  a  few  months  before  death, 
extended  in  several  directions  from  the  centre  of  the  acetabulum 
to  its  circumference. 

Besides  the  three  pieces  of  which.it  is  originally  formed,  the  os- 
innominatum  has  four  "  epiphyses,"  which  begin  to  appear  about 
the  age  of  puberty.  One  skirts  the  crest  of  the  ilium.  There  is 
a  second  for  the  anterior-inferior  spine;  a  third  along  the  tube- 
rosity of  the  ischium :  and  a  fourth,  which  forms  a  thin  plate,  at  the 
symphysis  pubis. 


*  See  museum  of  St.  Bartholomew's  Hospital.  Second  Series,  B.  18. 
t  Third  Scjies,  No.  62. 
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THE  SACRUM. 
(Plates  XXXI.  and  XXXI.  a.) 

The  "sacrum"*  is  situated  at  the  back  of  the  pelvis,  and  is 
wedged  in  between  the  two  innominate  bones,  so  as  to  form  the 
"keystone"  of  the  arch  which  supports  the  spine,  and  transmits 
the  weight  of  it  to  the  lower  limbs.  Observe  that  it  inclines  back- 
wards, and  forms,  with  the  last  lumbar  vertebra,  a  rounded  angle, 
termed  the  "  promontory  "  of  the  sacrum.  This  inclination  answers 
a  double  purpose :  it  not  only  makes  more  room  in  the  pelvis,  but 
breaks  the  force  of  shocks  transmitted  from  the  pelvis  to  the 
spine. 

Composed  of  Its  general  shape  is  triangular ;  and  a  simple 

five  vertebra;.  inspection  of  it  proves  that  it  consists  of  five  ver- 

tebrsef,  with  their  bodies  and  processes  all  consolidated  into  a 
single  bone.  "We  have  to  examine  its  anterior  and  posterior 
surface,  its  sides,  base,  and  apex. 

Its  anterior  surface  is  concave,  not  only  from  above  downwards, 
but  also  from  side  to  side,  in  adaptation  to  the  pelvic  cavity.  This 

*  It  is  not  easy  to  say  why  this  was  called  the  "sacred  bone"  (kpiv  oaTioii).  The 
reason  generally  assigned  is,  that  it  was  the  part  used  in  sacrifices.    The  following  is 
another:— It  appears  the  Je\yish  Rabbis  entertained  a  notion  that  this  part  of  the 
skeleton,  which  they  called  the  "  luz,"  would  resist  decay,  and  become  the  germ  from 
which  the  body  would  be  raised.    Hence  Butler  has  it — 
"  The  learned  Rabbins  of  the  Jews 
Write  there 's  a  bone,  which  they  call '  Luz,' 
r  the  rump  of  man,  of  such  a  virtue 
No  force  in  nature  can  do  hurt  to  : 
All  th'  other  members  shall,  they  say. 
Spring  out  of  this,  as  from  a  seed 
All  sort  of  vegetals  proceed ; 
From  whence  the  learned  sons  of  ai-t 
*  Os  sacrum'  justly  call  the  part." 

Hddibras,  cant.  ii.  part  iii. 
f  It  is  not  uncommon  to  meet  with  six  sacral  vertebra?.    Sometimes  there  are  but 
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i-vature  of  the  bone  forwards,  not  only  assists  in  supporting  the 
pelvic  viscera,  but  also  permits  us  to  sit,  which  we  could  not  have 
done,  had  the  bone  projected  like  a  tail.  In  the  middle,  we  see  the 
bodies  of  the  five  sacral  vertebra3  decreasing  in  size  from  above 
downwards,  and  the  four  transverse  ridges  indicating  their  union. 
On  each  side  of  the  ridges  are  the  four  anterior  sacral  foramina, 
with  grooves  leading  from  them  for  the  passage  of  the  anterior 
branches  of  the  sacral  nerves. 

The  bone  exterior  to  the  foramina,  on  each  side,  is  made  up  of 
parts  which  answer  to  ribs.    These  are  imited  to  the  bodies,  to 
each  other,  and  also  to  the  transverse  processes  behind,  so  as 
to  form  a'  solid  lateral  mass.    Here  the  "pyriformis"  arises,  ^ 
(Plate  XLVII.)^V!J^."-J\iC  ^y^JJ)4^  \^Ais^*^%.  '^  '-'-^^  Wl 

The  posterior  surface  of  the  sacrum  is  convex,  and  presents,  in 
the  middle  line,  the  spines  of  the  four  upper  sacral  vertebrae,  ^ 
coalesced  into  a  vertical  crest  for  the  origin  of  the  "  erector  spinse,"  ' 
Observe,  however,  that  the  last  sacral  vertebra,  and  sometimes  the 
last  two,  have  no  spines,  and  that  even  their  arches  are  more  or  less 
deficient,  so  that  the  termination  of  the  vertebral  canal  is  here  left 
unprotected  in  the  dry  bone;  and  in  the  recent  state  it  is  only 
covered  by  a  fibrous  membrane.  This  explains  the  serious  effects 
that  are  apt  to  follow  an  injury  to  this  part.  Sloughs  from  bed-sores 
upon  this  part  are 'sometimes  deep  enoiigh  to  expose  the  vertebral 
canal.  On  each  side  of  the  crest  is  the  vertebral  groove ;  and  here 
are  the  faint  traces  of  the  anchylosed  articular  processes  of  the 
sacral  vertebrae.  The  most  conspicuous  of  these  processes  are  those 
of  the  last  vertebra :  they  project  like  two  knobs  of  bone,  and  are 
caj^d  the  "  comua "  of  the  sacrum :  they  correspond  with  the 
cornua  of  the  coccyx,  with  which  they  are  connected  by  ligaments. 

Next  to  the  articular  processes  are  the  four  foramina  for  the 
transmission  of  the  posterior  sacral  nerves.  These  posterior  sacral 
foramina  are  directly  opposite  the  anterior.  Beclard,  in  his  lectures, 
relates  the  case  of  a  sharp  instrument  running  through  both  into 
the  pelvic  cavity.  The  fifth  sacral  nerve  emerges  through  the  little 
"  notch  "  beneath  the  sacral  cornu.  .  Still  more  externally  ai-e  the 
"  tubercles,"  indicating  the  anchylosed  transverse  processes.  These, 
like  the  crest,  givfi  origin  to  the  tendon  of  the  "  erector  spinoe." 
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The  base  or  upper  end  of  the  sacrum  presents  the  oval  surface  of 
the  body  of  the  first  sacral  vertebra,  which  articulates  with  the  last 
lumbar,  a  thick  fibro-cartilage  intervening.  Holding  the  bone 
properly  inclined  backwards,  we  notice  that  this  surface  slants 
downwards  and  forwards,  forming,  with  the  lumbar  vertebra,  the 
sacro-vertebral  angle,  or  promontory,  to  which  allusion  has  been 
already  made.  On  each  side  of  the  body  are  its  enormously  thick 
and  strong  lateral  masses,  expanded  like  two  wings,  in  order  to 
transmit  the  weight  to  the  iliac  bones.  Each  wing  has  a  rounded 
edge  in  front,  which  forms  part  of  the  brim  of  the  true  pelvis. 
Behind  the  body  is  the  triangular  opening  of  the  vertebral  canal 
formed  by  the  vertebral  arches.  Lastly,  on  each  side  of  the  canal 
are  the  articular  processes  for  the  last  lumbar  vertebra.  They  are 
3et  wide  apart,  in  order  to  give  a  broad  base  of  support  to  the 
spine,  look  backwards  and  inwards,  and  are  slightly  concave  from 
side  to  side,  so  as  to  permit  a  slight  rotatory  movement.  In  front 
of  each  articular  process  is  the  indication  of  the  notch  for  the  pas- 
sage of  the  last  lumbar  nerve. 

The  ajpex  of  the  sacrum  is  formed  by  the  diminutive  body  of 
the  last  sacral  vertebra,  and  has  an  oval  articular  surface  for  the 
coccyx. 

Sacro-iliac  At  the  sides  of  the  sacrum,  we  have  to  notice 

symphysis.  the  surface  which  is  connected  to  the  ilium,  form- 

ing what  is  called  the  "  sacro-iliac "  symphysis.  Three  sacral 
vertebrae  concur  to  form  it.*  The  connection  is  effected,  partly  by 
cartilage  and  partly  by  ligament.  The  cartilaginous  part  is  in  front, 
and  is  mapped  out  on  the  dry  bone  in  the  shape  of  a  little  ear : 
hence  called  the  auricular  surface  of  the  sacrum.  Behind  this  is 
the  rough  excavation  denoting  the  attachment  of  the  strong  inter- 
osseous ligament  connecting  the  two  bones.  Separation  of  the 
"sacro-iliac"  symphysis  does  sometimes,  though  rarely,  take  place  as 
the  result  of  injury.  It  is  an  accident  of  the  gi-avest  kind,  and  one 
rarely  sees  recovery  in  such  a  case,  since  it  is  almost  sure  to  be 
accompanied  with  other  injury  to  the  pelvic  viscera.    Lastly,  the 

*  In  the  chimpanzee  the  sacrum  has  only  the  first  two  transverse  processes  fully 
developed  and  united  to  the  iliac  bones :  hence,  the  trunk  is  less  firmly  connected  to 
the  pelvic  arch,  and  therefore  needs  additional  support  from  the  arms. 
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side  of  the  sacrum  below  the  auricular  part  gives  origin  to  some  of 
the  fibres  of  the  "gluteus  maximus." 

Development  of  The  sacral  vertebrae  are  developed  like  the 
the  sacral  vertebra,  others,  with  the  addition  of  an  independent  centre 
on  each  side  of  the  first  three  for  the  formation  of  the  lateral  mass. 
Now,  since  every  vertebra  has  three  primary  centres  (one  for  the 
body  and  two  for  the  laminte,  or  arches),  and  two  secondary  centres 
for  the  body  (the  discs  on  the  tipper  and  lower  surfaces),  the  num- 
ber of  centres  for  the  five  sacral  vertebrae  stands  thus  : — 

3  X  5  =  15  centres  fbr  the  bodies. 

2  X  5  =  10  centres  for  the  arches. 

2x3=    6  additional  centres  for  the  lateral  masses  of  the 

  first  three  vertebrae. 

=  31 

To  this  we  must  add  two  discs,  one  on  each  side,  for  the  auricular 
surface, — making  in  all  33. 

The  component  parts  of  each  vertebra  unite  together  first.  Thus 
comijlete,  each  vertebra  remains  separate  till  about  the  15th  year, 
when  they  begin  to  unite ;  not  all  at  once,  but  in  regular  succession 
from  below  upwards.  The  lateral  masses  unite  before  the  Ipodies. 
The  "auricular"  disc  does  not  appear  till  about  the  20th  year,  and 
the  whole  bone  is  not  consolidated  before  the  26th  year,  or  there- 
abouts. However,  even  in  advanced  age,  one  sometimes  finds  the 
bodies  of  the  upper  sacral  vertebrae  still  imited  in  the  centre  by 
cartilage  only. 


THE  COCCYX. 
(Plate  XXXL) 

The  coccyx  derives  its  name  from  a  fancied  resemblance  to  the 
beak  of  a  cuckoo  {kokkv^).  It  consists  of  four  or  sometimes  five 
rudimentary  vertebrte,  articulated  (or  anchylosed)  together,  and 
successively  decreasing  in  size,  the  last  being  a  mere  nodule  of 
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bone.  As  a  whole,  it  is  triangular.  The  body  of  the  first  coccy- 
geal vertebra  articulates  by  an  oval  surface  with  that  of  the  last 
sacral:  and  it  has  two  little  articular  processes  which  project  under 
the  name  of  "  cornua,"  to  be  connected  with  the  "  comua "  of  the 
sacrum/ either  by  fibrous  tissue  or  cartilage.  The  first  vertebra  has 
also  two  rudimentary  transverse  processes,  and  two  "  notches  "  (one 
beneath  each  cornu),  for  the  last  sacral  nerve. 

The  first  coccygeal  vertebra  articulates  with  the  lower  end  of  the 
sacrum  by  an  intervening  fibro-cartilage,  and  the  succeeding  ones 
are  also  separated  by  a  fibro-cartilage.  Thus  the  coccyx  admits  of 
being  bent  bacltwards  and  forwards,  which  is  of  great  advantage  in 
parturition,  and  gives  as  much  as  one  inch  more  space  in  the 
antero-posterior  diameter  of  the  outlet  of  the  pelvis.  About  the 
age  of  45  or  50,  and  indeed  sometimes  earlier,  these  little  bones 
become  anchylosed  to  each  other,  and  to  the  sacrum.  This  is  one 
of  the  causes  of  difficult  labour.  Dr.  Eamsbotham  says  it  is  gene- 
rally met  with  in  women  bearing  a  first  child  late  in  life,  and  in 
those  who  have  been  accustomed  to  sit  during  the  greater  part  of 
the  day,  as  in  the  case  of  milliners.  Under  these  circumstances 
the  bone  will  sometimes  break  in  labour.  It  is  a  most  distressing 
accident,  and  causes  great  pain  when  the  bowels  are  acting. 

Dr.  Hunter  says  that  anchylosis  of  the  sacrum  'and  coccyx 
is  common  in  females  who  ride  much  on  horseback,  and  thus 
explains  the  comparative  frequency  of  hard  labours  in  English 
women.  Father  Dobritzhofer,  who  lived  a  long  time  a  missionary 
among  the  Abiponians,  speaks  of  the  difficult  labours  of  the  women 
there,  who  spend  the  greater  part  of  their  time  on  horseback. 

Each  bone  of  the  coccyx  is  ossified  from  a  single  centre.  The 
first  begins  to  ossify  soon  after  birth ;  the  second  about  the  5th 
year;  the  third  about  the  10th  ;  and  the  fourth  about  the  15th  or 
20th  year. 

t 

THE  PELVIS  IN  aENERAL. 

The  pelvis  is  named  from  its  resemblance  to  a  basin  (ir^Xv^). 
The  French  call  it  "le  bassin,"  and  in  old  English  works  it  is  often 
spoken  of  as  "the  basin."     When  midwives  speak  of  the  true 
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Fig.  26. 


pelvis,  they  mean  all  below  the  brim.  ,A11  above  the  brim  they 
call  the  false  pelvis.  By  the  brim  is  understood  the  "  linea  ileo- 
pectinea."  Again,  they  speak  of  the  upper  opening  or  "  inlet,"  and 
the  lower  opening  or  "  outlet "  of  the  pelvis. 

Pelvis  a  lever  The  pelvis  forms  a  great  arch  of  bone  which 
of  the  first  order,  supports  the  trunk,  and  transmits  the  weight  of  it 
to  the  lower  limbs.  It  contains  and  protects  the  pelvic  viscera, 
and  some  of  the  abdominal.  It  acts  as  a  lever  of  the  first  order  in 
balancing  the  trunk  on  the  head  of  the  thigh-bone,  as  when  we 
stand  upon  one  leg.  But  the  most  obvious  action  of  the  pelvis  as 
a  lever  of  the  first  order  that  we  can  adduce,  is  when  we  raise  the 
body  from  the  stooping  to  the  erect  attitude.  In  this  action  the 
fulcrum  Fj  as  seen  in  the  cut,  fig.  26,  is 
at  the  hip-joint;  the  weight  "W  is  the 
trunk  of  the  body ;  and  the  power  is 
fixed  to  the  tuberosity  of  the  ischium,  P. 
The  power  in  this  case  is  the  contraction 
of  the  hamstring  muscles.  This,  by  the 
way,  is  a  very  good  example  of  a  muscle 
answering  a  double  purpose.  The  ham- 
string muscle,  represented  in  the  cut,  is 
the  biceps.  When  its  fixed  point  is 
below,  i.e.  at  the  fibula,  the  muscle  can 
raise  the  body  from  the  stooping  position. 
When  its  fixed  point  is  at  the  pelvis,  it 
serves  to  bend  the  knee.  In  the  latter 
case,  however,  the  muscle  acts  upon  a 
lever  of  the  third  order. 

■  Under  the  head  of  pelvis  in  general 
comes — 1.  its  mechanism  as  an  arch  ;  2. 
its  obliquity  with  regard  to  the  spine; 
3.  its  axis;  4.  the  diameters  of  the  inlet  and  outlet;  5.  the 
difference  between  the  male  and  the  female  pelvis. 

Pelvic  arch :  Its  mechanism  as  an  arch  is  best  displayed  by 
Its  strength.  sawing  off  the  wings  of  the  ilia,  as  we  have  done 
m  Plate  XXXIII.  Such  a  section  shows  the  following  points : — 
The  sacrum  forms  the  broad  keystone  of  the  arch,  and  supports  the 


The  pelvis  a  lever  of  the 
first  order. 
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weight  of  the  spine.  Now  the  sacrum  being  set  very  oblique,  the 
weight  tends  to  thrust  it  downwards  and  backwards.  To  resist  this 
tendency,  the  sacrum  is  doubly  wedged,  that  is,  wedged  from  above 
downwards,  and  also  from  before  backwards:  thus,  unless  the 
ilia  give  way,  which  they  never  do,  the  sacrum  cannot  be  dis- 
located haclcxvards.  But  this  is  not  all ;  there  is  a  provision  to 
prevent  dislocation  of  the  sacrum  forwards ;  namely,  a  reciprocal 
irregularity,  or  slight  "  dovetailing,"  between  the  articular  surfaces 
of  the  sacrum  and  ilium,  and  in  all  cases  a  "  bite  "  in  front  formed 
by  the  edge  of  the  ilium.  So  much  for  the  security  of  the  crown 
of  the  arch. 

Observe,  in  the  next  place,  that  the  inclination  of  the  arch  is 
such  that  the  weight  is  transmitted  in  a  perpendicular  plane  to  the 
heads  of  the  thigh-bones.  Again,  the  thickest  and  strongest  part, 
of  the  arch  is  precisely  in  the  line  of  pressure.  Lastly,  there  are 
three  "  buffers  "  to  break  shocks ;  one  at  the  pubic  symphysis,  the 
other  two  at  the  sacro-iliac  sjmiphyses. 

'  From  the  main  arch,  two  secondary  arches  proceed,  one  on  either 
side  :  these  are  the  "  sitting  arches,"  and  the  summit  of  each  is  at 
the  tuberosity  of  the  ischium. 

The  following  is  a  good  instance  of  the  enormous  weight  the 
pelvic  arch  will  bear  without  injury,  provided  the  weight  be  applied 
along  the  arch.  A  waggon  wheel  passed  over  a  man's  pelvis  from 
side  to  side,  immediately  over  the  symphysis  pubis.  The  man 
stated  that' the  waggon  with « the  load  in  it  weighed  5  tons  7  cwt. 
There  was  no  injury  beyond  an  ecchymosis  of  the  scrotum  and  the 
upper  part  of  the  thighs.  After  three  weeks,  the  man  left  the 
Hospital  well,  with  the  exception  of  a  slight  lameness. 

Obliquityofthe  In  the  erect  attitude  the  line  of  gravity  of  the 
pelvis,  spine  falls  perpendicularly  on  the  sacrum,  as  shown 

in  the  line  a.  h.  fig.  27.  With  this  perpendicular,  the  inclination 
of  the  pelvis  forms  an  angle  (a.  h.  c.  fig.  28)  of  140°  in  the  female, 
and  145°  in  the  male.  Now  this  angle  is  such,  that  the  line  of 
gravity  falls  through  the  acetabulum,  and  consequently  the  weight 
is  transmitted  directly  on  to  the  heads  of  the  thigh-bones.  For  all 
practical  purposes,  one  may  ascertain  the  proper  obliquity  of  the 
pelvis  by  holding  it  so  that  the  "notch"  shall  be  the  lowest  part 
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of  the  acetabulum.  The  end  of  the  coccyx  will  then  be  about 
half  an  inch  higher  than  the  lower  part  of  the  symphysis  pubis. 


V./ 


Line  of  gravity  of  the  body. 


FiO.  28. 


Axes  of  the  The  axis  of  the  brim  of  tbe  pelvis,  that  is,  a 
pelvis.  line  passing  at  right  angles  through  the  centre  of 

its  plane,  if  prolonged,  would  pass  from  the  coccyx  to  the 
umbilicus.  The  axis  of  the  outlet  would  fall  on  the  promontory  of 
the  sacrum.  The  axis  of  the  cavity  would  form  a  curve  pretty 
nearly  corresponding  with  the  curve  of  the  sacrum.  In  all  oper- 
ations about  the  pelvis,  it  is  of  great  importance  to  bear  in  mind  its 
different  axes.  As  a  useful  practical  rule,  we  may,  therefore,  lay 
down,  that  the  axis  of  the  pelvis  corresponds  with  a  line  drawn 
from  the  anus  to  the  umbilicus. 

Diameters  of  the  The  next  point  is  the  diameters  of  the  pelvis  ; 
pelvis.  and  it  is  interesting  because  it  concerns  parturi- 

tion. The  inlet  or  brim  of  the  pelvis  is  somewhat  heart-shaped. 
Its  diameters  vary  more  or  less  in  different  cases:  in  the  recent 


^''^  ™e  pelvis  in  qenehal. 

state,  with  all  the  soft  parts  undisturbed,  the  following  are  about 
the  average :  — 

Antero-posterior  or  conjugate  .....  Inci^s. 
Oblique  (from  sacro-iliac  symphysis  to  acetabulum)  .'  4i 
Transverse    .    .  / 
 H 

Observe,  then,  that  the  longest  diameter  of  the  brim  is  the 
transverse.  In  this  direction  the  long  diameter  of  the  head  of  the 
child  enters  the  pelvis. 

The  shape  of  the  outlet,  in  the  recent  state,  is  like  a  lozenge 
smce  the  two  ischiatic  notches  are  blocked  up  by  the  sacro-ischiatic 
ligaments.    Its  diameters  are  as  follow  :— 

Transverse  (from  one  tuber  ischii  to  the  other)    .    .    .  ^"'^'T" 
Antero-posterior  (from  symphysis  to  coccyx)   ....  41 
And,  with  the  coccyx  pushed  back,  the  antero-posterior 
diameter  will  be  '  


The  longest  diameter  of  the  outlet  therefore  is  from  before  back- 
wards. 

Now  the  head  of  the  child  enters  the  pelvis  in  the  traoisverse 
diameter,  but  descends  in  the  oblique,  till  it  presses  upon  the  spines 
of  the  ischia.  Here  its  further  progress  is  arrested  by  the  spines. 
As  the  uterus  goes  on  contracting,  the  slope  of  the  ischium  on  each 
side  compels  the  head  to  turn,  so  that  the  face  comes  to  lie  in  the 
hollow  of  the  sacrum.  Consequently,  the  long  axis  of  the  head  is 
brought  into  the  long  axis  of  the  outlet,  and  is  thus  easily  expelled. 
Difference   be-      The  female  pelvis  differs  very  little  from  that  of 

heart-shaped  form  in  both  sexes.  After  puberty 
the  female  pelvis  begins  to  assume  its  sexual  characters,  which  are 
the  following : — 

1.  The  sacrum  is  wider  and  less  curved*;  the  promontory  less 
projecting ;  and  the  coccyx  more  moveable  than  in  the  male. 

2.  The  cavity  is  shallower,  and  all  its  diameters  broader,  than  in 
the  male. 

*  Some  authors  state  the  rererse.   But  Albinus  (de  scelcto)  says  truly  :— "Sacrum 
feminis  latiiis,  per  lougitudinem  rectius,  infra  non  xqno  incurvatum  in  priora," 
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3.  The  spines  of  the  ilia,  the  acetabula,  and  the  tuberosities  of 
the  ischia,  are  wider  apart  than  in  the  male. 

4.  The  .symphysis  pubis  is  not  so  deep:  the  pubic  arch  has  a 
much  wider  span,  and  its  branches  are  more  shelving  than  in  the 
male,  in  order  to  facilitate  parturition. 


THE  FEMUR. 
(Plates  XXXIV.  and  XXXV.) 

The  thigh-bone  is  the  longest  and  strongest  of  all  the  bones.  Its 
great  length,  in  comparison  with  the  other  bones  of  the  leg,  is 
characteristic  of  the  human  skeleton.  In  consequence  of  this  great 
comparative  length,  and  of  the  shortness  of  the  arms,  the  ends  of 
the  fingers  in  man  do  not  reach  lower  than  the  middle  of  the  thigh- 
bone. In  the  chimpanzee  the  fingers  reach  down  to  the  knee ;  and 
in  the  orang,  down  to  the  ankle. 

.  The  direction  of  the  thigh-bone  is  not  quite  perpendicular,  but 
slants,  so  that  the  knees  are  nearer  together  than  the  hips ; 
obviously  for  the  purpose  of  bringing  the  knee-joint  nearer  the  line 
of  gravity  of  the  body.  This  obliquity  is  necessarily  greater  in 
women,  on  account  of  the  greater  breadth  of  the  pelvis,  and 
accounts  for  their  peculiar  gait.  We  have  to  examine  the  head, 
the  neck,  the  trochanters  for  the  attachment  of  muscles,  the  shaft, 
and  the  condyles. 

Head.  The  head  forms  rather  more  than  half  a  sphere, 

smooth  and  convex  on  every  part,  except  at  a  point 
a  little  behind  and  below  its  centre,  where  there  is  a  depression  for 
the  attachment  of  the  "ligamentum  teres."  It  forms  a  perfect 
ball-and-socket  joint  with  the  acetabulum.  When  crusted  with 
cartilage  the  ball  fits  so  accurately  into  its  socket,  that  it  is  retained 
in  it  by  atmospheric  pressure  alone.  It  has  been  ascertained  by  expe- 
riment that  this  pressure  is  about  26  pounds ;  that  is,  more  than 
equal  to  sustain  the  weight  of  the  entire  limb  with  all  its  soft  parts. 
More  than  this,  the  Brothers  Weber  *  have  shown  that,  in  walkincr, 

♦  Meclianik  dcr  menscli.  Gchwcik.,  Gott.  1836. 
N 
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Fig.  29. 


the  legs  act  likh  pendulums,  and  that  we  require  scarcely  any 
muscular  force  to  advance  one  leg  before  the  other.  This  is  a 
beautiful  provision.  The  limb  hangs  freely  in  its  socket,  and  the 
muscles  do  not  expend  any  of  their  power  in  keeping  it  there. 
Boerhaave  might  well  say,  "in  mirabili  articulatione  femoris 
Creatorem  adoramus." 
Neck.  The  general  direction  of  the  "  neck  "  is  upwards, 

inwards,  and  a  little  forwards  from  the  shaft.  The 
reason  why  the  neck  of  the  thigh-bone  is  directed  a  trifle  forwards 
is,  that  the  lower  extremity  may  naturally  turn  a  little  outwards. 
Everything  in  the  bones  of  the  lower  limb  and  the  insertion  of  its 
muscles  conforms  to  this  object.  It  is  this  which  gives  elasticity, 
freedom,  and  grace  to  the  motion  of  the  body ;  and  we  owe  this  to 
nature,  and  not,  as  some  suppose,  to  the  dancing  master. 

In  the  adult  the  neck  is  set  on  to  the  shaft  at  a  very  open  angle, 

about  125°.  But  the  angle  varies  at  dif- 
ferent ages,  in  harmony  with  the  require- 
ments of  the  age.  In  children  the  neck 
of  the  thigh-bone  is  so  oblique  that  it 
forms  almost  a  gentle  curve  from  the  axis 
of  the  shaft,  as  seen  in  the  cut  (fig.  29). 
Therefore  the  trochanters  do  not  project 
nearly  so  much  as  in  the  adult  (fig.  30). 
This  is  one  reason  why  it  is  sometimes 
difficult  to  determine  the  precise  nature 
of  accidents  about  the  hip .  in  children. 
As  old  age  advances  the  neck  di-ops  to 
nearly  a  right  angle  with  the  shaft,  as 
shown  in  fig.  31 :  besides  which  its  com- 
pact walls  become  thinner,  and  its  can- 
cellous tissue  becomes  expanded.  No 
wonder,  then,  the  neck  of  the  femur  is  so 
liable  to  break  in  old  persons.  Observe 
Comparative  obliquity  of  the  how  much  broader  the  neck  is  in  its  ver- 
^f!:'^  *ical  diameter,  and  how  much  thicker  the 

lower  wall  is  than  the  upper,  in  order  to 
resist  vertical  pressure.    The  part  where 


Fig.  30. 


Tig.  31. 


child  (fig.  29),  the  adult  (fig. 
30),  and  the  aged  (fig.  31), 
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the  neck  springs  from  the  shaft  we  call  the  "  base."  In  falls  on  the 
trochanter,  the  neck  is  sometimes  broken  here,  and  driven  into  the 
shaft  between  the  trochanters,  forming  what  is  called  an  "im- 
pacted "  fractm-e  of  the  neck.  The  sjonptoms  of  such  a  fracture 
are,  more  or  less  shortening  of  the  limb,  diminished  projection  of 
the  trochanter  major,  and  no  crepitus. 

Since  the  great  length  and  obliquity  of  the  neck  of  his  femur  is 
quite  peculiar  to  man,  let  us  consider  for  a  moment  what  advan- 
tage his  skeleton  gains  by  it.  In  the  first  place,  it  widens  the  base 
of  support  for  the  trunk.  It  disengages  the  shaft  of  the  thigh  from 
the  hip-joint,  and  thus  increases  the  range  of  motion.  What  ani- 
mal can  separate  its  legs  so  widely  as  man  ?  But  this  is  not  all. 
Grreater  space  is  made  for  the  adductor  muscles,  which  balance  the 
pelvis  on  the  inside  of  the  thigh ;  and  the  great  trochanter  being 
removed  to  a  distance  from  the  hip-joint,  gives  greater  leverage  to 
the  powerful  gluteal  muscles  which  balance  the  pelvis  on  the  out- 
side. Again,  the  weight  of  the  trunk,  in  place  of  falling  vertically 
on  the  shaft  of  the  femur,  is  transmitted  to  it  by  an  arch. 

Teochantee,  As  aforesaid,  the  trochanter  "major"  and  "minor" 
major  and  minor.  ^^.^  outstanding  processes  for  the  purpose  of  giving 
greater  leverage  to  the  muscles  which  rotate  the  thigh  (rpo'^dco, 
verto).  Observe,  they  project  behind  the  axis  of  rotation  (which  is 
the  centre  of  the  head  of  the  bone).  This  is  another  of  the  pro- 
visions for  the  outward  rotation  of  the  lower  limb  as  the  natural 
position.  It  is  well  to  remember  that  the  top  of  ,the  great  tro- 
chanterjn  the  adult  is  about  f  of  an  inch  lower  than  the  head  of 
the  bone.  Take  the  muscles  inserted  into  the  trochanter  major 
first.  Suppose  the  trochanter  to  be  square,  which  it  is  nearly  if 
you  look  at  it  sideways.  Into  the  anterior  border  is  inserted  the 
"gluteus  minimus:"  into  the  superior  border,  the  "obturator 
intemus,  the  gemelli,  and  the  pyriformis;"  into  the  posterior 
border,  the  "  quadratus  femoris  ; "  the  inferior  border  (base  of  the 
trochanter)  gives-  origin  to  the  strong  tendon  of  the  "  vastus  ex- 
ternus."  Draw  a  diagonal  from  behind  forwards  across  the  square 
(there  is  a  faint  trace  of  it  in  nature),  and  you  will  find  that  the 
upper  triangle  gives  insertion  to  the  "gluteus  medius,"  while  the 
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lower  remains  smooth  for  the  play  of  the  tendon  of  the  "  gluteus 
maximus." 

Behind  the  neck  of  the  femur,  and  beneath  the  projecting  angle  ^ 
of  the  trochanter  major,  you  will  find  a  deep  excavation,  called  the 
"  digital  fossa."    No  muscle  is  inserted  here  except  the  "  obturator 
externus ;  "  and  this  insertion  is  at  the  bottom  of  the  fossa. 

The  bearings  of  the  great  trochanter  deserve  particular  attention, 
because  it  is  our  great  land-mark  in  determining  the  nature  of 
injuries  about  the  hip.  For  instance,  when  the  trochanter  is  lower 
down  than  it  ought  to  be,  we  know  that  the  head  of  the  bone  is 
dislocated  inwards ;  when  it  is  higher  than  its  proper  place,  nearer 
to  the  spine  of  the  ilium,  and  so  fixed  that  it  cannot  be  moved,  we 
know  that  the  head  is  dislocated  on  the  dorsum  of  the  ilium ;  when 
it  is  higher  and  freely  movable,  we  know  that  the  neck  of  the  bone 
is  broken. 

The  trochanter  minor  projects  from  the  inner  and  bach  part  of 
the  shaft,  just  below  the  base  of  the  neck.  Jt  gives  insertion  to  the 
"psoas  magnus"  and  the  "iliacus  internus."  Observe  that  the 
troSEanter  minor  is  directed  backwards  in  order  that  the  muscles 
inserted  into  it  may  turn  the  toes  outwards  at  the  same  time  that 
they  raise  the  leg.  These  are  the  muscles  which,  in  fracture 
of  the  upper  third  of  the  shaft,  it  is  so  difficult  to  prevent  from 
raising  the  upper  fragment. 

Inter-trochanteric  Two  oblique  ridges  extend  from  one  trochanter 
y:i^gea.  ^l^e  other,  the  one  in  front  of,  the  other  behind, 

the  neck  of  the  femur.  The  purpose  of  the  anterior  "  inter-tro- 
chanteric ridge "  is  to  give  attachment  to  the  powerful  Hgament 
which  covers  the  front  of  the  capsule  of  the  hip  joint,  Hmits  the 
extension  of  the  thigh,  and  is  one  of  the  chief  -  safeguards  of  the 
erect  position,  since  it  prevents  the  pelvis  and  trunk  from  falling 
backwards.  The  posterior  "  inter-trochanteric  ridge"  is  mainly  for 
the  support  of  the  great  trochanter. 

Shaft.  Eespecting  the  shaft  of  the  femur  we  have  to 

notice  that  it  is  slightly  arched  with  the  convexity 
forwards,  by  which  a  double  advantage  is  gained  :  first,  it  is  more 
springy  than  if  it  were  straight;  and,  secondly,  more  room  is 
gained  for  the  flexor  muscles  behind,  and  more  power  for  the  ex- 
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tensors  in  front  of  the  shaft.  The  shaft  is  smooth  and  cylindrical 
all  round,  except  hehind,  where  there  is  a  longitudinal  ridge  termed 
the  "linea  aspera."  This  ridge  serves  as  a  buttress  to  the  shaft, 
but  its  chief  purpose  is  for  the  attachment  of  powerful  muscles. 
The  linea  aspera  is  most  prominent  about  the  middle  third  of  the 
shaft :  here  it  appears  at  first  sight  a  single  ridge,  but  if  you  look 
more  cai-efuUy  you  will  probably  find  traces  of  two  borders,  termed 
its  "  lips."  About  the  lower  third  of  the  shaft  these  lips  diverge 
from  each  other,  and  may  be  traced  more  or  less  distinctly  to  the 
"  tuberosities  "  of  the  condyles.  The  triangular  interval  between 
their  bifurcation  is  called  the  popliteal  surface  of  the  femur,  and 
upon  it  the  popliteal  artery  rests  in  its  passage  through  the  ham. 
Turning  to  the  upper  end  of  the  linea  aspera*,  we  notice  that  here 
also-  its  two  lips  branch  off:  one  runs  to  the  root  of  the  lesser 
trochanter,  the  other  to  the  root  of  the  greater. 

So  much  about  the  linea  aspera  and  the  upper  and  lower 
divergence  of  its  two  lips,  will  help  us  towards  understanding  the 
muscles  attached  to  it.  Take  the  outer  lip  first.  The  "vastus 
extemus  "  arises  from  it  all  the  way  down.  Along  the  upper  third 
is  a  very  rough  surface  for  the  insertion  of  the  gluteus  maximus. 
This  part  may  very  properly  be  called  the,  gluteal  ridge :  it  is 
sometimes  so  prominent  as  to  resemble  the  third  trochanter  of 
animals.  The  lower  two-thirds  igives  origia  to  the  short  head  of 
the  biceps. 

The  inner  lip  of  the  lioea  aspera  gives  origin  all  the  way  down 
to  the  "vastus  iaternus."  Into  its  upper  part  is  inserted  the 
"  pectineus,"  then  comes  the  insertion  of  the  "  adductor  lono-us." 
and  behind  both  is  that  of  the  "adductor  brevis."  Lastly,  the 
insertion  of  the  "  adductor  magnus "  extends  all  along  the  shaft 
from  the  base  of  the  trochanter  major  to  the  tuberosity  of  the 
inner  condyle,  where  we  notice  a  projection  of  bone  for  its  better 
insertion. 

Along  the  course  of  the  linea  aspera  are  the  orifices  of  two 

*  These  "  linetc  asperaj"  are  nothing  more  than  partial  ossificationa  of  the  tendons 
inserted  there.  A  very  rough  "linea  aspera"  is  a  character  of  age.  It  puts  one  in 
mind  of  the  "  bono  tendons  "  which  one  sees  in  the  regular  anatomy  of  birds, 

N  3 


182 


THE  FEMUR. 


canals  which  convey  nutrient  blood-vessels  to  the  marrow.  Both 
these  canals  run  obliquely  itpwards  through  the  walls  of  the  bone. 

The  front  and  outer  surface  of  the  shaft  gives  origin  to  the 
"  crureus,"  and  to  the  little  muscle  below  it,  the  "  sub-crureus ;" 
the  inner  surface  gives  origin  to  part  of  the  "  vastus  intemus  "  (the 
other  and  stronger  part  arising  from  the  linea  aspera).  Observe, 
the  origin  of  these  muscles  does  not  occupy  the  whole  of  the  shaft. 
Along  the  lower  part,  but  more  especially  on  the  inner  side,  no 
muscvilar  fibres  arise.  Here  the  bone  is  simply  covered  by  the 
fibres  of  the  "  vasti  "  on  each  side.  The  point  of  this  observation 
is,  that  it  accounts  for  the  great  extent  to  which  an  inflamed  knee- 
joint  swells  beneath  the  vasti :  there  being  no  resistance  to  the  dis- 
tension of  the  synovial  membrane  in  this  direction. 
CoNDTLEs.  The  lower  part  of  the  femur  gradually  expands 

to  form  the  condyles  for  the  knee-joint  (kovSvXos,  a 
knuckle).  The  inner  condyle  projects  much  more,  and  is  full  half 
an  inch  lower  than  the  outer,  when  the  bone  is  perpendicular ;  but 
when  the  bone  slants,  as  it  naturally  does,  you  find  both  condyles  on 
the  same  plane.  This  must  needs  be,  as  the  plane  of  the  knee  joint 
is  horizontal  in  adaptation  to  the  erect  posture.  The  condyles 
are  separated  behind  by  a  deep  notch,  the  "  intercondyloid,"  which 
Fig.  32.  is  for  the  lodgment  of  the  two  "  crucial "  ligaments, 
which  prevent  the  knee  from  being  extended  beyond 
the  straight  line ;  for  the  requirements  of  this  joint 
will  not  admit  of  any  bony  prominence  to  limit  ex- 
tension, such  as  we  find  in  the  elbow.  These  liga- 
ments (as  shown  in  the  cut,  fig.  32)  are  attached  to 
the  rough  surfaces  of  the  condyles  facing  each  other. 
Crucial  ligaments  anterior  crucial  to  the  external  condyle,  the 
of  the  knee,  posterior  crucial  to  the  internal. 
The  articular  surfaces  of  the  condyles  unite  in  front  to  form  the 
pulley  over  which  the  "patella"  plays.  The  larger  share  of  the 
pulley  is  formed  by  the  external  condyle,  and  it  moimts  not  only 
higher,  but  projects  more,  to  prevent  the  tendency  of  the  patella 
to  be  dislocated  outwards.  In  an  antero-posterior  section,  each  ' 
articular  surface  would  present  something  like  the  long  half  of  an 
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ellipse  (as  seen  in  the  adjoining  cut,  fig.  33).*  In  the  erect  atti- 
tude, the  flatter  pai-t  of  the  ellipse  rests  on  the 
shallow  excavation  of  the  tibia,  and  all  the  ligaments 
ai-e  on  the  stretch ;  but  when  the  knee  is  bent,  the  • 
more  convex  part  of  the  ellipse  rests  on  the  tibia, 
and  admits  of  a  certain  amount  of  rotation,  all  the 
ligaments  being  loose. 

The  "tuberosities"  of  the  condyles  are  for  the 
attachment  of  the  lateral  ligaments  of  the  joint. 
Obsei-ve  that  these  tuberosities  are  situated  nearer 
to  the  back  than  the  front  part  of  the  condyle. 
The  result  of  this  is,  that  the  ligaments  are  fixed  behind  the  centre 
of  motion,  so  that  they  become  stretched  when  the  joint  is 
extended.    This  is  another  provision  for  the  strength  of  the  knee. 

There  is  a  rough  surface  behind  the  internal  condyle  for  the 
origin  of  the  inner  head  of  the  "gastrocnemius,"  and  another, 
behind  the  external  condyle,  for  the  outer  head  of  this  muscle  and 
the  "  plantaris."  On  the  outer  surface  of  the  external  condyle  is 
a  depression  for  the  origin  of  the  "  popliteus." 

Development  of  The  femur  is  ossified  from  three  primary  centres 
the  femur.  (qj^q  for  the  shaft  and  neck,  and  one  for  each  ar- 

ticular end),  and  two  secondary  centres,  one  for  each  trochanter. 
(See  plate  D).  The  centre  of  the  shaft  appears  very  early  (between 
the  40th  and  60th  day  after  conception),  but  that  of  the  lower  end 
not  Tmtil  within  the  last  fifteen  days  of  the  full  term  of  gestation. 
Hence  the  existence  of  this  centre  enables  us  to  pronounce  with 
something  like  certainty  as  to  the  age  of  a  foetus,  t  It  is  the  only 
epiphysis  in  which  ossification  commences  before  birth.  As  this  is 
the  first  of  all  the  epiphyses  to  ossify,  so  it  remains  the  longest  a 
separate  piece,  in  accordance  with  the  general  law  that  epiphyses 
unite  with  the  shafts  in  the  inverse  order  of  their  ossification.  The 

*  The  two  woodcuts  show  very  well  the  attachments  and  the  direction  of  the  cmcial 
ligaments,  ab,ac.  Being  attached  to  the  condyles  behind  the  centre,  they  necessarily 
limit  extension  beyond  the  straight  line.  Bat  they  do  more ;  by  crossing  like  braces 
they  prevent  lateral  displacement  of  the  tibia. 

t  Concerning  the  bearing  of  Osteogeny  on  forensic  medicine,  see  "  Medecine 
Legale,"  by  M.  Orfila. 
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centre  of  tlie  head  appears  about  one  year  after  birth.  The  great 
trochanter  begins  to  ossify  about  the  third  or  fourth  year;  the 
lesser  about  the  fourteenth.  All  the  pieces  have  united  about  'the 
age  of  twenty-one. 


THE  PATELLA. 
(Plate  XXXVL) 

The  patella  is  a  little  bone  developed  in  the  extensor  tendon  of 
the  knee,  in  order  to  protect  the  knee  joint,  and  to  increase  the 
leverage  of  the  extensor  muscle  by  making  it  act  at  a  gi-eater  angle. " 
It  is  a  principle  in  mechanics  that  the  efficiency  of  a  force  which 
acts  upon  a  lever  is  greatest  when  its  direction  is'  at  right  angles  to 
the  lever,  and  decreases  as  the  obliquity  of  that  direction  is  in- 
creased. The  patella  is  the  best  example  of  a  "  sesamoid  "  bone. 
In  shape,  it  is  somewhat  triangular,  with  rounded  angles,  the  apex 
being  downwards. 

Its  anterior  surface  is  convex,  and  marked  by  longitudinal  streaks, 
indicative  of  the  insertion  of  the  fibres  of  the  extensor  tendon. 

Its  posterior  surface  is  smooth,  and  crusted  in  the  recent  state 
with  cartilage,  in  order  to  play  upon  the  trochlea  of  the  femur.  It 
is  divided  by  a  vertical  ridge  adapted  to  the  groove  in  the  femur, 
and  on  each  side  of  the  ridge  are  the  articular  facettes  correspond- 
ing to  the  condyles  of  the  femur.  The  external  articular  facette  is 
the  larger  of  the  two  in  adaptation  to  the  external  condyle,  and  by 
this  we  may  distinguish  the  right  patella  from  the  left.  Besides 
this,  the  outer  edge  of  the  patella  is  much  thinner  than  the  inner 
edge,  which  is  also  another  good  distinction.  Below  the  articular 
surface  — that  is,  at  the  apex  — there  is  a  rough  surface  for  the 
attachment  of  the  "  ligamentum  patellge,"  or  continuation  of  the 
extensor  tendon.  The  base  of  the  bone  is  thick  and  irregular,  for 
the  insertion  of  the  extensor  tendon. 

The  patella  is  developed  from  a  single  centre,  which  appears 
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about  the  second  year.  It  is  not  fully  ossified  until  about  the  age 
of  fourteen  or  fifteen. 

The  patella  being  developed  actually  in  the  substance  of  the 
extensor  tendon  of  the  knee  is  very  liable  to  be  broken  by  a  sudden 
and  violent  action  of  the  extensor  muscles,  as  when  we  attempt  to 
preserve  the  balance  of  the  body  when  it  is  in  danger  of  falling 
backwards.  In  this  position — that  is,  when  the  knee  is  half -bent — 
the  upper  part  of  the  patella  is  not  supported  by  its  trochlea :  there 
is  a  hollow  imder  it,  and  here  consequently  the  patella  snaps  trans- 
versely, Hke  a  stick  broken  across  the  knee.  The  broken  ends  are 
separated  widely,  and  therefore  in  the  vast  majority  of  cases  their 
reunion  takes  place  by  ligamentous  substance,  not  by  bone. 

But  even  when  the  knee  is  extended,  violent  muscular  contrac- 
tion is  able  to  snap  the  patella.  Desault  speaks  of  both  patellae 
being  broken  by  convulsions  in  a  patient  after  he  had  been  cut  for 
the  stone.  Opera  dancers  sometimes  break  the  patella  in  practising 
the  step  called  the  "  Entrechat." 


THE  TIBIA. 
(Plate  XXXVI.) 

The  tibia  is  the  larger  of  the  two  bones  of  the  leg,  and  is  placed 
on  the  inner  side.  It  entirely  supports  the  condyles  of  the  femur, 
and  transmits  the  weight  of  the  body  to  the  foot.  Its  direction  is 
not  oblique  like  the  femur,  but  vertical;  so  that  in  well-fon-ned  legs 
the  two  tibiae  should  be  parallel.  Let  us  examine  in  succession  the 
upper  end,  the  shaft,  and  the  lower  end. 

Head.  The  Upper  end  is  generally  called  the  "  head  "  of 

the  tibia.  It  is  very  broad  in  the  transverse  direction 
for  the  support  of  the  condyles  of  the  femur :  and  we  point  to  this 
great  breadth  as  one  of  the  peculiarities  of  the  human  skeleton. 
The  articular  surfaces  for  the  condyles  are  very  shallow  in  the  dry 
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bone,  but  deepened  in  the  recent  state  by  discs  of  fibro-cartilage 
(termed  the  "semilunar  cartilages").  These  cartilages  convert  the 
shallow  articular  surfaces  of  the  tibia  into  variable  sockets ^  that  is, 
sockets  which  adapt  themselves  to  the  varjdng  forms  of  the  condyles 
in  flexion  and  extension  of  the  knee.  The  outer  articular  surface 
(facette)  is  round,  but .  the  inner  is  oval,  with  the  long  diameter 
from  before  backwards,  in  adaptation  to  the  internal  condyle. 
Between  the  articular  surfaces  is  a  projection  termed  the  spine, 
which  is  generally  topped  by  two  little  tubercles.  In  front  of  the 
spine  is  the  depression  in  which  the  anterior  crucial  ligament  is 
attached,  and  behind  the  spine  is  another  much  larger  one,  in  which 
the  posterior  crucial  ligament  is  attached.  These  depressions 
serve  also  for  the  attachments  of  the  semilunar  cartilages. 

TuBEKosiTiEs,  ex-  The  lateral  masses  which  support  the  articular 
ternal  and  internal.  ^^^^^^^^  called  the  "tuberosities"  of  the  tibia. 
The  external  tuberosity  presents  at  its  back  part  a  small  articular 
surface  for  the  head  of  the  fibula :  this  articular  surface  is  on  a 
kind  of  bony  ledge,  and  its  direction  is  oblique.  The  internal 
tuberosity  is  much  larger,  and  projects  more  than  the  other.  It 
has  a  groove  behind  for  the  insertion  of  the  "  semi-membranosus," 
About  one  inch  and  a  half  below  the  head  of  the  tibia  is  the 
"tubercle"  for  the  insertion  of  the  common  extensor  tendon  of  the 
leg  (ligamentum  patellae).  You  will  observe  that  the  insertion 
takes  place  into  the  lower  part  of  the  tubercle,  which  is  rough ;  the 
upper  part  is  smooth,  to  allow  the  easy  play  of  the  tendon  (a  bursa 
being  interposed  between  the  tendon  and  the  bone). 
Shaft.  The  shaft  of  the  tibia  is  triangular.    It  is  a  little 

twisted  outwards,  to  detenhine  the  obliquity  of  the 
foot ;  consequently  the  inner  malleolus  advances  a  little  before  the 
ankle  joint,  and  the  outer  one  recedes  a  little  behind  it.  This, 
observe,  corresponds  with  the  obliquity  of  the  neck  of  the  thigh 
bone,  the  position  of  its  trochanters,  and  the  oblique  direction  of 
the  muscles;  the  object  of  all  being  to  give  a  natural  mclination 
outwards  to  the  lower  extremity.  The  narrowest  part  of  the  shaft 
is  about  the  lower  third;  hence  the  frequency  of  fracture  here. 
Let  us  examine  each  of  its  surfaces. 
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The  internal  surface  is  subcutaneous.  We  notice  on  it,  below 
the  internal  tuberosity,  the  insertions  of  the  "sartorius,"  "gracilis," 
and  "  semitendinosus."  Behind  these  is  a  rough  surface  for  the 
attachment  of  the  internal  lateral  ligament  of  the  knee. 

The  external  surface  is  slightly  hollowed  along  its  upper  half  for 
the  oriain  and  lodgment  of  the  "  tibialis  anticus:"  its  lower  part 
is  turned  forwards,  so  as  to  present  a  smooth  surface  adapted  for 
the  play  of  the  tendons  which  run  over  the  front  of  the  ankle- 
joint. 

The  posterior  surface  presents  along  its  upper  third  a  rough  line, 
slanting  from  the  outer  towards  the  inner  side.  It  indicates  part 
of  the  tibial  origin  of  the  "soleus;"  the  remainder  of  this  origin 
runs  down  the  inner  edge  of  the  shaft  to  the  extent  of  about  three 
inches.  This  origin  is  an  important  piece  of  anatomy  since  it  con- 
cerns the  operation  of  tying  the  posterior  tibial  artery.  Above  the 
"  oblique  line "  is  a  triangular  surface,  indicating  the  insertion  of 
the  "popliteus."  The  surface  of  the  bone  below  the  ridge  is 
occupied  by  the  origin  of  the  "  flexor  longus  digitorum,"  and  part 
of  the  "tibialis  posticus.''  Just  below  the  line  is  the  canal  for 
the  medullary  artery.  It  is  the  largest  of  all  the  canals  in  the  long 
bones,  runs  very  obliquely  from  above  downwards,  and  when 
divided  in  amputations  sometimes  occasions  troublesome  hemor- 
rhage. I  have  many  times  traced  a  nerve  through  this  canal  with 
the  artery  into  the  medullary  cavity. 

The  crest  or  "  shin "  of  the  tibia  is  the  densest  and  strongest 
part  of  the  bone  (see  cut,  fig.  34); 
for  this  reason,  that  the  chief 
pressure  on  the  tibia  is  at  the 
anterior  part ;  .which  is  at  once 
obvious  if  we  consider  the  di- 
rection of  the  force  in  walkinsr, 
running,  or  leaping.  This  form 
of  the  tibia,  therefore,  is  not  a 
mere  matter  of  accident,  or  the 

restdt  of  the  pressure  of  the  t^'^°"g'i     'i^ia,  T,  and  fibula,  F, 

1       ,  .  ,  to  show  the  thickness  of  thcu-  walls, 

muscles  which  surround  it. 
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Fig.  35. 


Witli  regard  to  tlie  edges  of  the  tibia,  the  anterior,  called  the 
"  crest,"  is  very  sharp,  and  readily  felt  beneath  the  skin,  but  only 
along  the  upper  two-thirds  of  the  shaft :  along  the  lower  third  the 
front  of  the  bone  is  round,  for  the  passage  of  the  extensor  tendons 
and  the  anterior  tibial  vessels  and  nerve.  The  external  edge  is 
turned  towards  the  fibula,  and  gives  attachment  to  the  interosseous 
membrane  (represented  by  the  dotted  line  in  the  cut)  which  con- 
nects the  two  bones.  The  internal  edge  runs  from  the  hinder  part 
of  the  head  of  the  tibia  down  to  the  inner  malleolus.  It  gives 
attachment  to  the  deep  fascia  covering  the  muscles  of  the  back  of 
the  leg,  beneath  those  of  the  calf. 
Lower  end.  The  lower  end  of  the  tibia  is  expanded  trans- 

versely in  order  to  form  a  hinge-joint  with  the 
astragalus.    For  this  purpose  its  articular 
surface  is  tiniformly  concave  from  before 
backwards;  but  the  plane  of  the  joint  is 
horizontal  (as  seen  in  cut,  fig.  35),  like 
that  of  the  knee,  for  the  advantageous 
support  of  the  weight  of  the  body.  The 
joint  is  secured  on  the  inner  side  by  the 
massive  projection  termed  the  "malleolus 
internus."   One  side  of  this  is  smooth  and 
crusted  with  cartilage,  to  articulate  with 
the  lateral  surface  of  the  astragalus ;  the 
other  is  subcutaneous.    At  its  apex  there 
is  a  deep  notch  for  the  attachment  of  the 
very  powerful  internal  lateral  ligament  of 
the  ankle;  and  behind  is  a  longitudinal 
o-roove,  which  transmits  the  tendons  of 
the  "tibialk^QStisuslau^Jhe^^ 

Lastly,  on  the  outer  surface  of  the  lower  end  is  the  rough  excava- 
tion for  the  reception  of  the  fibula.  There  is  no  sensible  move- 
ment between  the  bones,  but  only  just  enough  to  give  a  slight 
amount  of  elasticity.  The  security  of  the  angle  requires  that  they 
be  firmly  rivetted  together  by  a  strong  interosseous  ligament ;  and 
their  contiguous  surfaces  are  rough  accordingly. 


Tibia. 
Fibula. 


Astragalus. 
Tunnel. 

Os  Calcls. 


Section  to  show  that  the 
plane  of  the  ankle-joint  is 
horizontal. 
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The  ankle-joint  is  such  a  perfect  hinge  that 
when  the  foot  is  at  right  angles  to  the  tibia,  as 
when  we  are  standing,  no  lateral  movement  what- 
ever is  permitted ;  but  when  the  foot  is  extended, 
then  a  very  slight  lateral  movement  is  possible 
between  the  tibia  and  the  astragalus,  owing  to  the 
astragalus  being  so  much  narrower  behind  than 
it  is  in  front. 

The  tibia  is  ossified  from  three  centres  :  one  for 
the  shaft,  and  one  for  each  end.  The  centre  of 
the  upper  end,  which,  observe,  includes  the  tu- 
bercle (see  cut,  fig.  36),  appears  about  the  first 
year  after  birth.  The  centre  of  the  lower  end 
appears  about  the  second  year.  The  epiphyses  do 
not  unite  with  the  shaft  till  the  age  of  twenty  or 
upwards. 


Fig.  3G. 


Epiphyses  of  the 
Tibia. 


THE  FIBULA. 
(Plate  XXXVI.) 

Kelative  hearing  The  fibula  (a  clasp)  is  the  outer  of  the  two  bones 
of  jhe  tibia  and  the  leg.  Though  quite  as  long  as  the  tibia,  it 
is  aTsIender  bone,  and  does  not  sustain  any  of  the 
weight  of  the  body.  The  upper  end  is  placed  on  a  lower  level 
than  the  knee-joint,  and  forms  no  part  of  it;  but  the  lower  end 
projects  considerably  below  the  tibia,  and  constitutes  the  outer 
ankle„  The  chief  use  of  the  bone  is  to  give  additional  extent  of 
origin  to  the  powerful  muscles  of  progression.  Look  well  at  the 
relative  position  of  the  two  bones  of  the  leg.  Observe  that  the 
fibula  articulates  with  the  outer  and  back  part  of  the  head  of  the 
tibia,  and  that  the  shaft  of  the  fibula  arches  bacJmards,  while  that 
of  th^tibia  arches  forwards :  the  result  of  this  is,  that  the  fibula  lies 
quite  in  the  background,  except  at  its  lower  part,  where  it  advances 
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to  form  the  outer  ankle.  A  knowledge  of  this  relative  bearing  of  the 
two  bones  is  important  in  the  adjustment  of  fractures,  but  more 
especially  in  the  performance  of  flap-amputations ;  and  for  this  rea- 
son, that  the  knife,  introduced  from  the  tibial  side,  is  apt,  unless 
^    ^  properly  directed,  to  pass  be- 

tween the  two  bones,  instead  of 
behind  them :  and  this  is  thef 
more  likely,  since  the  plane  oi 
the  posterior  surface  of  the  tibis 
slants  considerably  in  front  oi 
the  fibula.    The  relative  posi- 
tion of  the  two  bones,  as  well' 
as  their  relative  thickness,  are 
shown  in  the  adjoining  woodcut  (fig.  37).    The  dotted  lines  re- 
present the  interosseous  ligament. 
Head.  The  upper  end  of  the  fibula  is  called  its  "  head," 

and  can  be  felt  plainly  beneath  the  skin.  On  its 
inner  side  is  the  small  oval  surface  which  articulates  with  the  tibia. 
Its  outer  side  is  very  prominent,  and  rises  behind  into  a  short  pro- 
jection termed  the  "styloid  process."  This  little  process  appa- 
rently insignificant,  is  really  significant,  because-  it  tallies  with 
the  olecranon.  It  forms  a  little  lever*  for  the  insertion  of  the 
biceps  (one  of  the  hamstring  muscles).  Besides  this  the  outer  part 
of  the  "  head  "  gives  attachment  to  the  external  lateral  ligament 
of  the  knee-joint. 
Shaft.  The  shaft  of  the  fibula  is  more  easy  to  imder- 

stand  when  connected  'to  the  tibia.  Immediately 
below  the  head,  the  shaft  is  rounder  and  thinner  than  elsewhere. 
The  lower  three-fourths  of  tfeeshafris  triangular,  like  that  of  the 
tibia,  for  the  more  convenient  origin  and  course  of  the  muscles. 
Its  three  surfaces  are  placed  so,  that  one  (internal)  looks  towards 
the  tibia;  another  looks  outwards;  the  third  looks  backwards. 
The  inner  or  tibial  surface  is  divided  into  twojinequal  parts  by  a 
longitudTnal  ridge.    Observe  this^ridg^^Si^^Mly,  because  it  gives 

•  Owen  proposes  to  call  the  styloid  process  the  "fibella."  To  see  this  developed 
into  a  lever  of  great  power,  look  at  the  skeleton  of  the  Echidna, 
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attachment  to  the  interosseous  ligament  which  divides  the  muscles 
on  the  front  from  those  on  the  back  of  the  leg.  Now  the  grooved 
surface  behind  the  ridge  in  question  gives  origin  to  part  of  the 
"  tibialis  posticus ; "  that  in  front  of  it  gives  origin  to  the  "  extensor 
communis  digitorum,"  (which  arises  also  from  the  head  of  the  fibula 
and  even  the  tibia,)  to  the  "  extensor  proprius  pollicis,"  and  to 
the  "  peroneus  tertius."  Thus,  four  muscles  arise  from  the  inner 
side  of  the  shaft;  namely,  three  in  front  of  the  interosseous 
membrane,  and  one  behind  it. 

The  outer  surface  of  the  shaft  gives  origin  to  the  "  peroneus 
longus "  and  "  brevis."  Towards  the  lower  end  of  the  bone  this 
surface  inclines  backwards,  because  the  tendons  of  these  two  muscles 
play  along  the  groove  behind  the  external  malleolus. 

The  postenor  surface  gives  origin  to  two  muscles  only ;  namely 
along  its  upper  third  to  the  "soleus,"  and  its  lower  two-thirds  to 
the  "flexor  longus  pollicis."  Here  we  observe  the  canal  for  the 
medullary  vessels  :  like  that  in  "the  tibia,  it  runs  downwards. 

With  regard  to  the  angles  of  the  shaft,  the  anterior  is  the  sharp- 
est, like  that  of  the  tibia.  Trace  it  down  the  bone,  and  you  will 
find  that  it  bifurcates  about  three  inches  from  the  lower  end,  and 
encloses  a  triangular  surface,  which  is  subcutaneous.  Here  we  fe'el 
for  fractures  of  the  lower  part  of  the  fibula.  The  other  angles  do 
not  require  special  notice. 

Lower  end.  The  lower  end  of  the  fibula  descends  below  the 
tibia  in  order  to  form  the  "  malleolus,"  for  the  se- 
curity of  the  ankle-joint  on  the  outer  side.  It  is  not  only  longer 
than  the  inner  malleolus,  but  projects  more,  so  as  to  give  more 
power  to  the  tendons  of  the  "peronei,"  which  play  in  a  groove 
behind  it.  On  its  inner  side  is  the  smooth,  slightly  convex  surface 
which  articulates  with  the  side  of  the  astragalus;  and  just  above 
this  is  the  rough  surface  which  fits  into  the  groove  of  the  tibia,  and 
gives  attachment  to  the  interosseous  ligament  which  rivets  the  two 
bones  together.  The  apex  gives  attachment  to  the  external 
lateral  ligament  of  the  ankle.  On  the  inner  side  of  the  apex  is  a 
deep  hollow  for  the  attachment  of  the  transverse  ligament  of  the 
ankle. 

The  tibia  and  fibula  are  so  fixed  together  at  the  ankle,  that  there 
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is  no  sensible  motion  between  them,  only  just  enough  to  give  a 
sort  of  elasticity  which  yields  to  slighter  sprains.    The  office  of 
guarding  the  ankle  is  performed  so  well  by  the  fibula,  that  lateral 
dislocation  cannot  take  place  unless  the  fibula  be  broken.  Fractures 
of  the  fibula  generally  occur  about  2^  inches  from  the  lower  end, 
and  most  frequently  happen  in  consequence  of  a  very  violent  out- 
ward twist  of  the  foot.    The  outer  surface  of  the  os  calcis  comes 
to  press  against  the  end  of  the  fibula ;  the  result  of  which  is,  that 
the  shaft  of  the  bone  gives  way  at  the  weakest  part — that  is,  just 
above  the  ankle.    The  same  accident  may  happen  from  a  violent 
twist  of  the  foot  inwards:  but  in  this  case  it  is  the  astragalus, 
which,  by  its  pressure  outwards,  causes  the  fibula  to  give  way. 
This  kind  of  fracture,  accompanied,  as  it  usually  is,  with  more  or 
less  injury  to  the  internal  lateral  ligament  of  the  ankle,  or  possibly 
with  fracture  of  the  tip  of  the  internal  malleolus,  is  by  far  the 
most  frequent  dislocation  about  the  ankle  received  into  a  London 
Hospital.    Such  an^p,ccident  is  commonly  called  "  Pott's  fracture," 
after  the  surgeon  who  first  accurately  described  it. 

The  fibula  has  three  centres  of  ossification;  one  for  the  shaft 
and  one  for  each  end.  The  lower  end  begins  to  ossify  about  the 
second  year;  the  upper  about  the  third  or  fourth.  Contrary  to 
the  rule,  the  lower  end  unites  the  first  to  the  shaft ;  the  reason  of 
,  this  exception  would  appear  to  be  the  necessity  of  the  early  solidity 
of  the  ankle-joint. 


THE    BONES   OF   THE  FOOT. 
(Plates  XXX Vn,  and  XXXYHI.) 


There  are  twenty-six  bones  in  the  foot.  In  the  tarsus,  seven, — 
namely,  the  "astragalus,"  "os  calcis,"  "os  scaphoides,"  three 
"cuneiform  bones,"  and  the  "os  cuboides;"  in  the  metatarsus, 
five :  the  remaining  foiu'teen  belong  to  the  toes. 
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The  first  question  that  ai-ises,  is,  why  should  there  be  so  many 
bones  in  the  foot  ?  The  answer  is  the  same  for  the  foot  as  for  the 
handj — in  order  that  there  may  be  so  many  joints.  The  structure 
of  a  joint  not  only  permits  motion,  but  confers  elasticity.  Suppose 
there  had  been  only  a  single  bone,  like  a  shoemaker's  last,  instead 
of  seven  in  the  tarsus,  how  much  more  liable  it  would  have  been 
to  fracture  and  dislocation ! 

Double  arch  of      The  bones  of  the  foot  form  a  double  arch;  an 
ihefoot.  g^ygj^  £j.Qj^  before  backwards,  and  an  arch  from 

side  to  side.    The  arch  is  supported,  behind,  by  the  os  calcis, 
and  in  front  by  the  ends  of  the  metatarsal  bones.    Its  height  and 
span  are  greatest  on  the  inner  side  of  the  foot;  and  gradually 
decrease  towards  the  outer  side.    The  weight  of  the  body  falls  per- 
pendicularly on  the  astragalus,  which  is  the  key-bone  or  crown  of 
the  arch.    Concerning  the  astragalus,  ,two'  points  must  be  always 
borne 'in  mind :  —  1,  a  part  (the  head)  of  it  is  supported  below  by 
an  elastic  ligament  (calcaneo-scaphoid),  which  admits  of  its  rising 
and  falling  like  a  spring;  2,  it  is  articulated  with  the  os  calcis  and 
the  scaphoid  in  such  a  way  as  to  allow  the  lateral  motions  of  the 
foot  (adduction  and  abduction).    Flexion  and  extension  of  the  foot, 
observe,  is  performed  at  the  anMe-joint    But,  besides  these  beau- 
tiful provisions,  all  the  bones  of  the  foot  are  more  or  less  moveable 
on  each  other,  so  as  to  break  shocks  and  increase  elasticity;  and 
yet  their  mutual  connection  is  so  well  provided  for,  that  dislocation 
of  any  one  bone  is  extremely  rare.  • 

It  is  wonderful  what  habit  and  necessity  will  make  the  foot 
accomplish.  We  who  coop  it  in  tight  boots,  can  hardly ,  believe 
when  we  hear  of  persons  carving,  writing,  and  even  painting  with 
the  toes.  "Pes  altera  manus  "  is  not  so  far  off  the  mark.  Not 
long  ago,  a  French  artist,  Ducornet  (ne  sans  bras),  died,  who 

r    I'^tt"^'^        ''''  ^'""^y  °f  -  Pl-^e  in  the 

French  Exhibition. 

„r,l„  .  ■  ".S™'"^"?  descnbed  as  a  lever  of  the  second 
correct.  The  foot  «  a  lever  of  the order.  The  fulcrum  (which 
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is  a  moveable  one),  is  at  the  ankle-joint  F,  (cut,  fig.  38) ;  the  weight 

W  is  at  the   toes  ;  and  the  power 
(which  is  the  contraction  of  the  mus- 
cles of  the  calf)  is  at  the  heel  P.  AH 
the  conditions  are  those  of  a  lever  of 
the  first  order.    The  power  and  the 
nP  weight  act  in  the  same  direction  on 
opj)Osite  sides  of  the  fulcrum.  The 
pressure  upon   the  fulcrum  is  equal 
to  the  sum  of  the  pressures  applied, 
^.e.  PxF+WxF. 


THE  ASTRAGALUS. 
(Plate  XXXVILJ 


The  astragalus  {aarpdyaXo.,  talus,  the  huckle-bone  with  which 
the  ancients  used  to  play  at  dice,)  is  the  key-stone  of  the  arch  o 
the  foot,  and  supports  the  whole  weight  of  the  body,  which  faU 
perpendicularly  upon  it  from  the  tibia.    As  it  is 
concerned  in  the  mechanism  of  the  sprmg  of  the  foot  the  Germans 
do  well  to  call  it  the  "spring  bone."    To  examine  it  thoroughly 

we  must  make  six  aspects.  ,    ,    .    .  fnr 

Its  su^erm-  aspect,  broad  and  hoHzo^tal,  the  best  adapted  for 
the  erect  posture,  is  convex  ftonr  before  backwards,  so  a.  to  ^. 
Me  witb  the  tibia,  and  admit  of  the  fleion  and  eriensmn  of  the 
"observe  tU  this  pnlley-like  surface  is  at  least  one-flfti  of 
"tch  broader  in  front  than  behind.  The  object  o  th,s  .s  to 
"It  a  dislocation  of  the  astragalus  backwards,  wh.eh  wo^d 
!  be  a  more  frequent  occurrence,  '^''^^^^f^l^^^  Z 

of  the  force  in  walking,  .-mining,  or  leapmg.    In  consequence  o 
L"rBarrowne;  of  the  astragalus  behind,  the  anUe-jmn 
this  „reaxe  movement  at  the  anlde,  when  the 

iLTer't:":" .n  be  no  lateral  movement  at  the 
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ankle  when  the  foot  is  at  right  angles  to  the  tibia,  i.  e.  when  we 
stand  upon  it. 

Each  lateral  aspect  presents  an  articular  surface  adapted  to  the 
corresponding  malleolus.  The  outer  is  much  the  larger,  slightly 
concave,  and  triangular,  with  the  apex  below :  the  inner  is  com- 
paratively small,  and  occupies  very  little  of  the  bone,  so  that  a  large 
rough  space  is  left  below  it,  for  the  attachment  of  the  enormously 
strong  internal  lateral  ligament  of  the  ankle. 

Its  posteo-ior  aspect  p,r;esents„nothing  remarkable  beyond  a  groove 
for  the  tenSon  of  the  flexor  longus  pollicis,  and  .a-prQ.ieetion"On"the 
outer  side^ofijyor_the  attachment  of ..  Jiie„exteriiaL.lateral  -ligament 
of  the  ankle. 

Th.e__anteTio7'  aspect  presents  a  large  convex  "  head,"  which  is 
received  into  an  ample  socket,  formed,  in  front,  by  the  scaphoid  ; 
below,  by  the  "  sustentaculum  tali "  (part  of  the  os  calcis) ;  and 
also  by  a  strong  elastic  ligament  which  fills  up  the  gap  left  between 
these  bones  in  the  skeleton  (Plate  XL VIII.).  It  is  this  elastic 
ligament  (calcaneo-scaphoid) .  which  mainly  supports  the  arch  of 
the  foot,  and  gives  it  its  beautiful  spring,  If  this  hgament  yield 
more  than  it  should  do,  as  is  sometimes  the  case  in  weakly  per- 
sons, or,  for  instance,  in  opera-dancers,  from  excessive  straining, 
or  in  bakers,  from  carrying  heavy  weights,  down  goes  the  arch, — 
the  foot  becomes  flat,  and  the  astragalus  may  sink  low  enough  to 
touch  the  ground. 

The  '^ien^s^ctK  sur- 
faces, on^  behmd  the  other,  and  separated  by  a  groove  directed 
obliquely  outwards  and  forwards.  Of  these  surfaces,  the  posterior 
is  by  far  the  larger,  and  placed  a  little  more  external  than  the 
anterior.  Observe,  also,  that  the  posterior  is  concave,  the  anterior 
flat,  a.nd  that  both  of  them  slant  downwards  and  forwards.  The 
consequence  of  this  is,  that  when  the  foot  sustains  the  weight  of 
the  body,  the  astragalus  slides  a  little  forwards  on  the  os  calcis, 
and  presses  with  its  head  firmly  against  the  elastic  ligament,  which 
yields  a  Httle,  so  that  the  foot  becomes  about  half  aa  inch  longer. 
But  this  is  liot  all.  When  we  step  forward,  while  the  foot  is 
raised,  the  bones  (calcaneum  and  scaphoid)  roll  easily  below  the 
astragalus,  so  that  the  toes  may  be  directed  according  to  the  • 
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inequalities  of  the  ground  we  are  to  tread  upon :  but  when  the 
foot  is  planted,  and  the  body  rests  perpendicularly  on  it,  then  the 
astragalus  sinks  into  its  socket,  presses  the  os-calcis  backwards  and 
the  metatarsal  bones  forwards,  so  that  we  have  a  steady  base  of 
support. 

.  The  groove  just  now  alluded  to,  as  running  between  the 
articular  surfaces  of  the  astragalus,  corre^sponds  with  another 

between  those  of  the  OS  calcis.    men  the 
bones  are  together,  the  grooves  form  a 
complete  ttmnel  (canalis  tarsi)  beneath 
the  astragalus,  wide  on  the  outside,  but 
narrow  on  the  inside,  of  the  foot  (see  cut, 
fig.  39).    This  beautiful  tunnel  is  oc- 
cupied in  the  recent  state  by  fat  and  by 
the  strong  interosseous  ligament  which 
connects  the  two  bones:  and  its  direction 
is  obliquely  from  before  backwards  in 
order  to  permit  the  free  lateral  move-  • 
ments  of  the  foot,  which  take  place,  not 
at  the  ankle-joint  proper   (which  is  a 
simple  hinge),  but  between  the  astragalus 
and  the  bones  with  which  it  articulates 
Mow.    The  astragalus  cannot  be  displaced  from  the  ,os  calcis 
>vithout  r^pture  of  the  interosseous  hgament. 


Astragalus. 
Tunnel. 

Os  Calcis. 


Section  to  show  tlie  tunnel 
of  the  tarsus. 


OS  CALCIS. 
(Plates  XXXVn.  and  XXXVni.) 

The  OS  calcis,  or  calcaneum,  i^  the  longest  and  strongest  of  the 
ta'al  bones,  because  its  office  is  to  transmit  ^  J'^^ 
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tween  the  projection  of  the  os  calcis  and  the  size  of  the  muscles  of 
the  calf:  namely,  if  the  heel  be  short,  the  calf  will  be  large ;  and 
vice  versd,  if  the  heel  be  long,  the  calf  will  be  small,  as  in  the 
negro.  The  reason  is  obvious ;  a  short  heel  or  lever  requires  the 
stronger  muscle,  and  the  reverse. 

We  must  examine  six  different  aspects  on  the  os  calcis. 

Its  mperioi'  aspect  presents  the  two  surfaces  which  support  the 
astragalus.*  Of  these,  the  posterior  is  convex  and  much  larger 
than  the  anterior,  which  is  flat.  The  plane  of  both  these  surfaces 
is  horizontal  transversely,  the  better  to  support  the  weight,  but, 
like  those  of  the  astragalus,  they  slope  a  little,  so  that  the  weight 
is  transmitted  obliquely  downwards  and  forwards  upon  the  arch  of 
the  foot.  Observe  the  groove  between  the  articular  surfaces  for 
the  attachment  of  the  interosseous  ligament :  this  groove  makes, 
with  the  astragalus,  a  complete  tunnel,  as  shown  in  the  wood-cut 
(fig.  39). 

If  a  perpendicular  section  be  made  through  the  os  calcis,  it  will 
be  seen  that  the  compact  wall  is  thickest  at  the  articular  surfaces 
for  the  astragalus ;  and  that,  from  these,  the  principal  septa  of  the 
cancelli  radiate  towards  the  back  and  under  part  of  the  bone,  that 
is,  precisely  in  the  line  of  pressure. 

The  anterior  end  presents  a  smooth  vertical  surface,  which 
articulates  with  the  cuboid  bone.  The  articular  surface  would  be 
quite  flat  but  for  a  slight  projection  on  the  inner  side,  which 
deserves  notice  chiefly  because  it  is  apt  to  be  in  the  way  in  the 
performance  of  "  Chopart's"!  operation.  The  projection  supports 
the  third  articular  surface  for  the  astragalus,  when  there  is  a  third. 
The  rough  tubercle,  projecting  on  the  dorsum  of  the  foot,  gives 
origin  to  the  "  extensor  brevis  digitorum." 

The  posterior  end  forms  the  heel.  The  lower  rough  part  indi- 
cates the  in,sertion  of  the  "tendo-Achillis ;"  the  smooth  part  above 
indicates  the  position  of  the  bursa  between  the  tendon  and  the 
bone. 

•  Sometimes,  and  chiefly  in  old  bones,  there  are  three  articular  surfaces  for  the 
astragalus.   But  the  third  is  very  small,  and  placed  near  the  anterior  end. 

t  Chopart's  operation  consists  in  the  removal  of  all  the  bones  of  the  foot,  except 
the  OS  calcis  and  astragalus. 

O  3 
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The  external  surface  is  broad,  flat,  and  nearly  subcutaneous. 
About  the  middle,  there  is  a  tubercle  (peroneal  tubercle)  for  the 
purpose  of  keeping  the  peroneal  tendons  in  place,  the  shorter 
tendon  being  above,  the  longer  below  the  tubercle.  Behind  this 
tubercle  is  generally  another,  for  the  attachment  of  the  external 
lateral  ligament  of  the  ankle. 

The  internal  surface  presents  a  deep  concavity  for  the  safe 
transmission  of  the  plantar  vessels  and  nerves.  At  its  upper  part 
is  the  process  termed  the  "  sustentaculum,  tali^^  -which  helps  to 
support  the  head  of  the  astragalus,  and  gives  attachment  to  the 
elastic  ligament  of  the  sole  of  the  foot.  There  is  a  groove  along 
the  under  surface  of  this  process  for  the  tendons  of  the  "  flexor 
longus  pollicis,"  and  the  "  flexor  commvinis  digitorum." 

The  inferior  or  plantar  surface  presents  at  its  back  part  two 
txibercles,  of  unequal  size,  the  internal  being  the  larger.  They  are 
the  only  parts  of  the  os  calcis  which  touch  the  ground.  They  serve 
for  the  origin  of  muscles,  and  for  the  attachment  of  the  strong 
plantar  fascia  which  protects  the  sole  of  the  foot.  There  is  also 
another  tubercle  in  front  for  the  attachment  of  the  calcaneo-cuboid 
lio-ament.  Thus,  there  are  three  exceeduigly  strong  ligaments 
attached  to  the  os  calcis  for  the  preservation  of  the  arch  of  the 

foot  1,  the  plantar  fascia  (which  acts  as  a  ligament);  2,  the 

calcaneo-scaphoid,  or  elastic  ligament  beneath  the  head  of  the 
astragalus;  and  3,  the  calcaneo-cuboid. 


OS  scArnoiDES. 


The  scaphoid  bone,  so  named  from  its  boat-like  form,  is  situated 
on  the  inner  side  of  the  tarsus.  It  presents  posteriorly,  a  concave 
surface,  which  forms  part  of  the  socket  for  the  head  of  the  astra- 
galus ;  anteriorly,  it  has  three  articular  facettes  for  the  three  cunei- 
form bones ;  externally,  it  has  a  small  facette  which  articulates  with 
the  cuboid  bone;  internally,  it  has  a  tubercle  which  projects  on  the 
inner  side  of  the  foot.  This  tubercle  is  the  best  guide  to  the  joint 
behind  it,  in  the  performance  of  Chopai-t's  operation;  and  its  use 
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is  to  give  cadvantageous  insertion  to  the  tendon  of  the  "tibialis 
posticus."  The  lower  part  of  the  scaphoid  is  very  rough  for  the 
attachment  of  the  calcaneo-scaphoid  ligament. 

If  the  bone  be  held  in  its  natural  position,  that  is,  with  the  cup 
backwards,  and  convex  surface  upwards,  the  broader  end  of  the 
cup  will  be  on  the  side  to  which  the  bone  belongs. 


OS  CUBOIDES. 

The  cuboid  bone  is  situated  on  the  outer  side  of  the  tarsus,  and 
is  wedged  in  between  the  os  calcis  and  the  fourth  and  fifth  meta- 
tarsal bones.  Observe,  that  the  base  of  the  wedge  is  turned  towards 
the  cuneiform  bones,  so  that  the  pressure  in  the  arch  of  the  foot 
may  be  properly  distributed.  Suppose,  for  a  moment,  the  base 
were  turned  the  other  way,  would  not  the  lateral  thrust  from  the 
external  cimeiform  bone  force  the  cuboid  quite  out  of  the  arch,  and 
the  falling  of  the  arch  be  the  consequence  ? 

Its  posterior  surface  articulates  with  the  os  calcis.  Observe  that 
the  plane  of  this  joint  is  the  same  as  that  of  the  scaphoid  and 
astragalus.  Hence  partial  amputation  of  the  foot  (Chopart's  opera- 
tion) here  is  easy.  But  it  cannot  be  done  at  one  stroke  of  the 
knife,  because  the  inner  corner  of  the  cuboid  projects  a  little 
beneath  the  os  calcis,  to  prevent  it  being  dislocated  upwards. 

Its  anterior  surface  has  two  smooth  facettes  for  the  support  of 
the  fourth  and  fifth  metatarsal  bones. 

Its  internal  surface  articulates  with  the  third  cuneiform,  and 
generally  with  the  scaphoid. 

Its  vnferior  surface  is  traversed  by  a  deep  groove,  for  the  tendon 
of  the  "peroneus  longus."  The  prominent  ridge  behind  the 
groove,  and  the  rest  of  its  tmder. surface,  give  attachment  to  the 
calcaneo-cuboid  ligament. 

Hold  the  bone  in  its  natural  position,  i,  e.  vnth  the  groove 
downwards,  and  the  largest  articular  surface  backwards :  the  groove 
will  be  on  the  side  to  which  the  bone  belongs. 
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OSSA  CUNEIFOEMIA. 


The  cuneiform  or  wedge  bones  are  placed  at  the  front  part  of 
the  tarsus,  and  are  named  the  "  inner,"  "  middle,"  and  "  external ; " 
or  first,  second,  and  third,  according  to  their  position.  Behind 
they  articulate  with  the  scaphoid ;  in  front  with  the  three  inner 
toes,  respectively.  The  bases  of  the  second  and  third  are  towards 
the  dorsum  of  the  foot,  but  the  base  of  the  first  is  turned  towards 
the  sole,  in  order  to  form  one  of  the  buttresses  of  the  l^ansverse 
arch  of  the  foot. 

First  The  first  or  internal  cuneiform  is  the  largest, 

Cuneiform.  because  it  supports  the  great  toe.  Anteriorly,  it 
articulates  with  the  metatarsal  bone  of  the  great  toe  by  a  slightly 
convex,  kidney-shaped  surface,  with  the  long  diameter  vertical. 
Inferiorly,  the  base  projects  into  the  sole  considerably  belWw  the 
others,  in  order  to  give  broad  insertion  to  the  tendons  of  the  two 
muscles  which  turn  the  sole  of  the  foot  inwards,  namely,  the 
"  tibialis  anticus  "  and  "  posticus."  Externally,  it  is  slightly  con- 
cave, and  articulates  with  the  second  cuneiform  bone  and  the 
second  metatarsal  bone :  internally,  it  is  convex,  and  has  a  little 
smooth  surface,  over  which  the  tendon  of  the  "tibialis  anticus" 
plays. 

Hold  the  bone  with  the  base  downwards,  and  the  kidney-shaped 
surface  forwards  :  the  concave  side  will  be  turned  towards  the  foot 
to  which  the  bone  belongs. 

Second  The  second  or  middle  cuneiform  bone  is  not 

Cuneiform.  qj^Ij  the  smallest  of  the  three,  but  does  not  reach 
so  far  forwards ;  consequently  the  second  metatarsal  bone,  which 
it  supports,  is  more  deeply  set  in  the  tarsus  than  any  of  the  others. 
This  is  a  point  to  be  remembered  in  the  operation  of  removing 
the  metatarsal  bones  (Key's  operation).  It  has  on  each  side  an 
articular  surface  for  the  other  wedge  bones.  The  articulation  on 
the  ex:ternal  side  runs  vertically  along  its  posterior  half;  that  on 
the  internal  side  runs  horizontally  along  its  upper  half.  It  is  one 
of  the  peculiarities  of  these  wedge  bones  of  the  foot  that  intervals 
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are  left  between  their  sides  for  the  interposition  of  the  interosseous 
ligaments  which  rivet  the  bones  together. 

Hold  the  bone  with  the  apex  downwards,  and  the  narrowest  side 
of  the  base  forwai-ds :  that  side  which  has  the  vertical  articular 
surface  will  look  towards  the  foot  to  which  it  belongs. 

Third  The  third  or  external  cuneiform  bone  articulates, 

Cuneiform.  externally,  with  the  cuboid ;  internally,  with  the 
second  cuneiform  and  the  second  metatarsal ;  anteriorly,  it  supports 
the  third  metatarsal  on  a  triangular  surface. 

Hold  the  bone  with  the  apex  downwards,  and  the  triangular 
articular  surface  forwards:  the  rounded  articular  surface  on  one 
side  will  look  towards  the  foot  to  which  it  belongs. 

Ossification  of  Each  bone  of  the  tarsus  has  only  one  centre  of 
the  tarsal  bones.  ossification,  except  the  OS  calcis,  which  has  two. 
The  OS  calcis  begins  to  ossify  about  the  sixth  month  of  foetal  life ; 
the  astragalus  about  the  seventh  month  :  the  cuboid  about  birth  ; 
the  external  cuneiform  about  the  first  year  after  birth ;  the  middle 
and  internal  cuneiform  and  scaphoid  about  the  third  or  fourth 
year.  The  second  centre  of  the  os  calcis  is  at  the  back  part  of  it. 
It  appears  about  the  tenth  year,  and  joins  the  rest  of  the  bone 
about  puberty. 

General  obser-  In  the  description  of  the  astragalus,  you  will 
vations   on  the    remember  it  was  stated,  that  when  the  foot  sustains 

play  of  the  arches      ,  . 

of  the  foot.  ^"-^  weight  of  the  body,  the  astragalus  sinks  into 

its  socket  and  presses  the  os  calcis  backwards  and 
the  toes  forwards.  The  ligament  under  the  head  of  the  astragalus 
(calcaneo-scaphoid)  yields  a  little  by  virtue  of  its  elasticity ;  the 
arch  of  the  foot  falls  in  proportion,  and  the  foot  becomes  in  conse- 
quence about  half  an  inch  longer ;  in  some  persons  even  more. 

There  is,  however,  another  beautiful  adaptation  which  we  must 
admire  in  the  structure  of  the  foot.  When  we  stand,  not  only 
does  the  longitudinal  arch  of  the  foot  yield,  but  the  transverse 
arch  yields  also.  The  wedge  bones  and  the  metatarsal  bones  are 
connected  by  interosseous  ligaments,  which,  being  elastic,  give  a 
little,  and  thereby  increase  the  transverse  breadth  of  the  foot.  If 
you  make  a  transverse  section  across  the  instep,  that  is,  through  the 
wedge  bones,  you  will  find  that  they  are  shaped,  not  like  the  stones 
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of  a  bridge,  as  in  fig.  40,  but  as  represented  in 
fig.  41.  Their  sides  are  not  in  apposition  all 
the  way  down,  but  gaps  are  left  between  them : 
now  these  gaps  are  occupied  by  elastic  liga- 
ments, which  permit  a  certain  amount  of 
separation  between  the  bones  when  the  arch  is  pressed  upon. 

So  the  foot  becomes  not  only  longer  but  broader 
Fig.  41.  . 

-^       when  we  stand  upon  it ;  and  thus  we  gam  a  more 

uy;  A  extensive  base  of  support,  combined  with  elasticity 
\_^~y^  Qjy  of  tread  and  power  of  adaptation  to  the  ground. 
Section  to  sliow  the  Oxxr  shoes  ought  to  be  made  so  as  to  permit  this 
fomi  of  the  cunci-  natural  play  of  the  arches  of  the  foot.  It  is  easy, 
form  bones.  however,  to  see  that  the  practice  of  wearing  high 

heels  alters  the  level  of  the  piers  of  the  arches.  By  raising  one 
pier,  i.e.  the  heel  bone,  we  are  always  walking  on  an  inclined  plane ; 
we  alter  the  mutual  bearings  of  all  the  other  bones ;  we  throw 
more  pressure  than  nature  intended  on  the  toes ;  hence  distorted 
feet,  crooked  toes,  bunions,  corns  "  et  id  genus  omne." 


METATARSUS. 


The  five  metatarsal  bones  are  named  the  first,  second,  third,  &c., 
counting  from  the  inner  side.  The  first  is  the  shortest  and  by  far 
the  strongest,  since  it  supports  the  great  toe.  The  second  is  the 
lono-est,  and  from  this  the  others  gradually  decrease  in  length. 
All  are  slightly  arched  from  before  backwards  ;  but,  in  addition  to 
this,  the  three  outer,  in  most  cases,  incline  a  little  sideways  towards 
the  great  toe.  The  spaces  between  them  are  termed  the  "inter- 
osseous spaces,"  and  gradually  decrease  in  size  towards  the  outer 
side.  As  the.  metatarsal  bones  are  "long"  bones,  we  speak  of 
their  shafts  and  their  articular  ends;  the  upper  end  being  termed 
the  "  base,"  and  the  lower,  the  head  of  the  bone. 

Like  the  corresponding  bones  in  the  hand,  the  shafts  of  the 
metatarsal  bones  are  triangular,  for  the  more  convenient  lodgment 
of  the  interosseous  muscles,  and  they  gradually  taper  from  their 
upper  ends. 
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Bases  or  upper  Their  boses  articulate  with  the  second  row  of 
ends.  the  tarsus,  and  also,  laterally,  with  each  other; 

that  of  the  first  excepted.  Observe  that  the  line  of  the  tarso- 
metatarsal articulations  would  be  tolerably  even  but  for  the  second 
metatarsal,  which  is  jambed  into  a  recess  between  the  cuneiform 
bones. 

Heads  or  lower  Their  heads  are  convex,  to  fit  into  the  cups  of 
ends.  the  first  phalanges,  grooved  above  for  the  attach- 

ment of  ligaments,  and  have  lateral  tubercles  also  for  the  attach- 
ment of  ligaments. 

First  The  excessive  strength  and  size  of  the  first 

metatarsal.  metatarsal  bone  is  peculiar  to  man.  It  is  the 
chief  support'  upon  which  the  body  is  raised  by  the  great  muscles 
of  the  calf.  Its  base  presents  a  kidney-shaped  surface,  which 
articulates  exclusively  with  the  internal  cuneiform  bone ;  and  there 
is  an  impression  on  its  plantar  surface  indicating  the  insertion  of 
the  "peroneus  longus."  Its  head  is  remarkably  broad,  to  sup- 
port the  ball  of  the  great  toe,  and  has  qn  its  under  surface  two 
grooves  (separated  by  a  ridge)  for  the  play  of  the  two  sesamoid 
bones. 

Hold  the  bone  in  its  natural  position,  with  the  base  towards  you : 
the  concave  side  of  the  kidney-shaped  surface  will  look  towards  the 
foot  to  which  it  belongs. 

Second  The  second  metatarsal  bone  may  be  known  by 

metatarsal.  triangular  surface  at  the  base  for  the  second 

cuneiform  bone,  a  small  lateral  facette  for  the  first  cuneiform,  and 
fom-  lateral  facettes  on  its  outer  side ;  namely,  two  for  the  third 
cuneiform,  and  two  for  the  third  metatarsal  bone.' 

Hold  the  bone  with  the  base  towards  you,  and  in  its  natural 
position :  the  four  lateral  facettes  will  be  on  the  side  to  which  the 
bone  belongs. 

Third  The  third  metatarsal  bone  may  be  known  by  its 

metatarsal.  having  two  articular  facettes  on  the  inner  side  of 
the  base,  and  one  on  the  outer  side. 

Hold  the  bone  with  the  base  towards  you :  the  single  lateral 
facette  will  be  on  the  side  to  which  the  bone  belongs. 
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Fourth  The  fourth  metatarsal  bone  may  be  known  by  its 

metatarsal,      square  surface  for  the  cuboid,  and  a  single  lateral 
facette  on  each  side. 

Hold  the  bone  with  the  base  towards  you :  the  base  will  incline 
slightly  to  the  foot  it  belongs  to. 

Fifth  The  fifth  metatarsal  bone  cannot  be  mistaken,  in 

metatarsal.  .  consequence  of  the  great  projection  on  the  outer 
side  of  its  base.  The  use  of  this  projection  is  to  give  attachment 
to  muscles  and  ligaments. 

Hold  the  bone, -^ith  the  base  towards  you:  the  projection  from 
it  will  be  on  the  side  to  which  the  bone  belongs. 

Each  metatarsal  bone  has  two  centres  of  ossification ;  one  for  the 
shaft,  the  other  for  the  head.  The  first  metatarsal,  however,  has 
its  terminal  epiphysis  not  at  the  head,  but  at  the  base,  whicTi  is 
precisely  the  case  with  the  metacarpal  bone  of  the  thumb. 

Phalanges  of  the  The,  phalanges  of  the  toes  resemble  in  number 
toes.  and  plan  the  corresponding  bones  in  the  hand, 

which  we  have  already  described.  Like  the  thumb,  the  first,  or 
great  toe  has  only  two  phalanges.  That  which  is  absent  is  the 
second  phalanx.  This  is  the  case  throughout  the  whole  mam- 
malian class,  provided  it  supports  a  nail,  a  hoof,  or  a  claw.  In 
subservience  to  its  function  of  supporting  the  body,  the  great  toe  . 
is  not  only  the  largest  but  the  longest  of  the  toes.  The  third  toe 
is  the  representative  of  the  chief  part  of  the  hind  foot  of  the  horse. 
The  last  two  phalanges  of  the  little  toe  are  generally  anchylosed 
in  adxilts,  in  consequence  of  being  cramped  by  tight  shoes:  so 
different  from  that  free  spreading  of  the  toes  which  nature  in- 
tended! ' 

MUSCLES  ATTACHED  TO  THE  SKELETON  OF  THE  FOOT. 

Let  us  examine  these  in  the  order  in  which  they  are  met  with 
on  dissection. 

MUSCLES  ON  THE  THONT  OF  THE  LEG. 

r  0.  Outer  surface  of  tibia :  interosseous  membrane. 

Tibialis  anticus   i_  internal  cuneiform  bone. 

rO.  Head  of  tibia;  inner  surface  of  fibula;  intcr- 

•l7vtPn<!or  communis  digitorum  -I         osseous  membrane. 

Extensor  communis  aig         |  _^   ^^^^^^^  ^^^^  ^^^^^  phalanges  of  the  toes. 
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r  0  Inner  surface  of  fibula ;  interosseous  membrane. 
Extensor  proprius  pollicis  |  j_'  -^j^gj  phalanx  of  great  toe. 

f  0.  Inner  surface  of  the  fibula. 
Peroneus  tertius  ••••)_  I.  Metatarsal  bone  of  little  toe. 


ON  THE  DOBSUM  OF  THE  FOOT. 

f  0.  Tront  part  of  os  caleis. 
Extensor  brevis  digitonim  |^  j_         the  tendons  of  the  common  extensor. 


ON  THE  OUTER  SIDE  OF  THE  LEG. 


f  0.  Outer  surface  of  the  fibula. 
Peroneus  longus  |  j_  Metatarsal  bone  of  the  great  toe. 

f  0.  Outer  surface  of  the  fibula. 
Peroneus  brevis  Metatarsal  bone  of  the  little  toe. 

ON  THE  BACK  OP  THE  LEG. 

r  0.  Back  part  of  the  condyles  of  femur. 
Gastro-cnemius   '^i   -q^^.^  ^^^^     j-jje     galcis  (tendo  Achillis). 

f  0.  Above  the  external  condyle  of  femur, 
riantaris  Joins  the  tendo  Achillis. 

rO.  Oblique  ridge  and  inner  edge  of  tibia  ;  posterior 

SQ]eus  .,  s         surface  of  fibula. 

tl.  Joins  the  tendo  Achillis. 

_,,       1  ■,.  f  0.  Posterior  surface  of  tibia. 

Flexor  longus  digitorum   ^^j^^  phalanges  of  the  four  outer  toes. 

^,       ,            ,,.  .  f  0.  Posterior  surface  of' fibula. 

Flexor  longus  poUicis  |  j_  ^^^^     j^^^  phalanx  of  great  toe. 

r  0.  Posterior  surface  of  tibia ;  inner  surface  of  fibula ; 

Tibialis  posticus  \        interosseous  membrane. 

|_  I.  Scaphoid  bone. 


SOLE  OF  TPE  FOOT. 

r  0.  Internal  tubercle  of  os  calcis ;  internal  annular 

Abductor  pollicis   <  ligament. 

(_  L  Base  of  first  phalanx  of  great  toe. 

, ,  ,    ,       ........  f  0.  External  tubercle,  and  under  surface  of  os  calcis. 

Abductor  minmii  digiti  [  j_  ^^^^     g^^^  ^^^^^^  U^^l^ 

1.     •  J-  ...  f  0.  Under  surface  of  os  calcis. 

Flexor  brevis  digitorum  |  j_  gj^^^         ^^^^^^  phalanges  of  the  four  outer  toes. 

.  f  0.  Inner,  and  also  outer  surface  of  os  calcis. 

Flexor  accessorius  |  j_  j^^^  ^-^^  ^^^^^^         1^^^  ^^^^^ 

r  0.  Cuboid  and  third  cuneiform  bone. 
J!  lexor  Drevis  pouicis  |  j   -^^^^  ^^^^^     y^^^^  ^j.  ^^.^^  phalanx  of  great  toe. 

rO.  Cuboid  bone  and  bases  of  third   and  fourth 

Adductor  pollicis   -J  metatarsal- 

I.  Inner  side  of  base  of  first  phalanx  of  great  toe. 

Flexor  brevis  dieiti  minimi      ^  ^'  ^^■^'^  °^  ^^^^^  metatarsal  bone. 

^  ■■■  LI.  Outer  side  of  base  of  first  phalanx  of  little  too. 

Transversalis  pedis  (     ^f""'^'  metatarsal. 

'  L  !■  Ijasc  of  first  plialanx  of  great  toe. 
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INTEROSSEOUS  MUSCLES. 

These  are  divided  into  tlie  four  dorsal  and  the  three  plantar. 
Observe  that  the  dorsal  arise  from  the  opposite  sides  of  the  meta- 
tarsal bones,  and  are  inserted  into  the  first  phalanges  of  the  second, 
third,  and  fourth  toes,  so  that  they  draw  the  toes  frovi  a  stationary- 
line  supposed  to  run  down  the  centre  of  the  second  toe.  The 
plantar  belong  to  the  three  outer  toes,  arise  each  from  one  meta- 
tarsal bone,  and  are  inserted  into  the  phalanges  of  the  three  outer 
toes,  so  that  they  draw  to  the  stationary  line  alluded  to. 


THE  THORAX. 
(Plate  XXXIX.  > 

General  desci-ip-      The  thorax  is  the  frame-work  which  contains 
tion,  ^;[jg  heaxt  and  lungs.    The  ribs  with  their  carti- 

lages describe  a  series  of  arcs,  successively  increasing  in  length  as 
far  as  the  seventh,  so  as  to  form,  with  the  spine  and  sternum,  a 
barrel  of  a  somewhat  conical  shape,  broader  from  side  to  side  than 
from  before  backwards.  The  lower  aperture  or  base  of  the  cavity 
is  open  in  the  skeleton,  but  closed  in  the  recent  subject  by  a  thin 
flat  muscle,  called  the  "  diaphragm,"  which  separates  the  chest 
from  the  abdomen,  and  has  openings  for  the  passage  of  the  alimen- 
tary canal  and  the  great  blood-vessels.  This  muscular  partition  is 
not  flat,  but  arched,  so  that  it  forms  a  vaulted  floor  for  the  chest: 
by  its  property  of  alternately  contracting  and  dilating,  it  can 
increase  and  diminish  the  capacity  of  the  chest.  The  spaces  between 
,  the  ribs  are  filled  by  the  intercostal  muscles.  In  each  space  there 
'  are  two  layers  which  cross  like  the  letter  X:  the  outer  layer  runs 
downwards  and  forwards  :  the  inner,  upwards  and  forwards.  The 
upper  opening  of  the  chest  gives  passage  to  the  trachtea,  oesophagus, 
and  the  great  blood-vessels  and  nerves  at  the  root  of  the  neck. 
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Such,  in  outline,  is  tlie  frame-work  of  the  chest.  Its  walls  are 
made  up  of  different  structure,— bone,  cartilage,  and  muscle,  put 
together  so  as  to  answer  two  apparently  incompatible  purposes. 
By  their  solidity  and  elasticity  they  protect  the  important  organs 
contained  in  the  chest ;  and  by  their  power  of  alternately  dilating 
and  contracting,  they  serve  as  the  mechanical  agents  of  respiration. 
They  can  enlarge  the  cavity  of  the  chest  in  three  directions :  in 
lieicjkt,  by  the  descent  of  the  diaphragm ;  in  width,  by  the  turning 
outwards  of  the  ribs;  and  in  dejpth,  by  the  raising  of  the  sternum. 


THE  STERNTJM. 
(Plate  XXXIX.) 

The  sternum  (o-repvov,  the  breast)  is  a  long  flat  bone,  situated  in 
front  of  the  chest,  for  the  support  of  the  ribs  and  the  clavicles.  In 
the  adult  male,  it  is  from  six  to  seven  inches  long ;  rather  less  in 
the  female.  Observe  that  its  direction  is  not  perpendicular,  but 
slanting  forwards,  so  as  to  make  more  room  for  the  heart  and 
lunes :  it  is  also  much  broader  and  thicker  at  the  upper  end 
(manubrium)*,  because  this  has  to  support  the  clavicles. 

We  notice  upon  it  four  faintly-marked  transverse  lines,  which 
are  traces  of  the  original  division  of  the  bone  into  five  pieces. 
The  most  conspicuous  of  these  lines  corresponds  with  the  insertion 
of  the  second  costal  cartilage;  that  is,  at  the  jimction  of  the  manu- 
brium with  the  second  piece.  The  first  bone  of  the  sternum  has 
a  notch  on  the  top,  so  as  not  to  press  on  the  tracheea.  On  either 
side  of  it  is  an  oblong  articular  surface  for  the  clavicle.  In  the  dry 
bone,  this  surface  looks  flat ;  but  in  the  recent  state,  the  incrusting 
cartilage  makes  it  somewhat  saddle-shaped,  that  is,  convex  from 
before  backwards,  and  concave  from  above  downwards.    This  kind 

*  The  sternum  was  compared  by  the  ancients  to  a  sword ;  the  broad  part  was 
called  "manubrium,"  the  middle  part  "mucro,"  and  the  cartilage  at  the  end  the 
"  xiphoid  "  or  "  ensiform  "  cartilage. 
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of  joint  permits  the  clavicle  to  rotate  as  freely  as  tlie  thuml)  doe's 
on  its  carpal  bone.  Although  the  end  of  the  clavicle  is  so  much 
larger  than  the  surface  on  which  it  rotates,  yet  dislocation  of  it 
is  exceedingly  rare,  owing  to  the  great  strength  of  the  ligaments. 
To  break  the  clavicle  is  much  easier  than  to  dislocate  it. 

Each  border  of  the  sternum  has  seven  notches  in  it  for  the 
reception  of  the  seven  true  ribs.  All  of  them,  with  the  exception 
of  the  first,  are  situated  at  the  places  where  the  original  pieces  of 
the  bone  unite.  In  some  instances  there  is  a  hole  in  the  lower 
part  of  the  sternum. 

Ensiform  carti-  The  ensiform  cartilage  at  the  lower  end  of  the 
^^o^'  sternum  generally  remains  unossified  even  at  a 

great  age.  Its  length  and  shape  vary  much  in  different  persons. 
Sometimes  it  is  bent  forwards,  or,  it  may  be,  backwards,  and  this 
especially  in  the  case  of  workmen  who  hold  tools  against  the  pit  of 
their  stomach.  Occasionally  one  s'ees  it  forked  at  the  end.  It 
gives  attachment  to  a  narrow  aponeurotic  band,  termed  the  "  linea 
alba,"  which  descends  along  the  middle  line  of  the  abdomen  to  the 
symphysis  pubis,  and  is  the  answerable  part  of  the  sternum. 

The  front  surface  of  the  sternum  gives  origin  to  the  "  sterno- 
mastoid"  and  the  "pectoralis  major."  The  inner  surface  gives 
origin  to  the  "  sterno-hyoid "  and  "  sterno-thyroid,"  and  to  the 
"  triansrularis  sterni."  The  inner  surface  of  the  ensiform  cartilage 
gives  origin  to  the  "  diaphragm." 

Ossification  of  Until  about  the  middle  of  foetal  life,  the  sternum 
the  sternum.  cartilage.    It  is  ossified  from  five  centres  *, 

not  simultaneously,  but  successively  from  above  downwards,  oppo- 
site the  intercostal  spaces.  The  five  bones,  thus  formed,  ultimately 
coalesce,  the  lower  first,  and  so  on  upwards, — the  reverse  of  the 
order  in  which  they  were  ossified.    Thus  the  fifth  unites  to  the 

*  Exceptions  to  this  rule  are  frequent.  There  may  be  two,  three,  or  more  centres 
for  the  first  bone ;  and,  instead  of  a  single  centre,  any  of  the  other  pieces  may  have 
two,  placed  side  by  side.  However,  the  sternum  is  a  good  example  of  the  uniformity 
of  type  in  the  construction  of  the  vertebrate  skeleton.  Thus  the  typical  form  of  the 
sternum  seems  to  be  that  of  a  series  of  distinct  bones,  one  placed  between  each  pair  of 
ribs  in  front,  as  the  vcrtcbrte  are  behind.  This,  in  many  animals,  is  its  permanent 
form.  In  man,  it  conforms  to  the  type,  in  so  far  as  it  is  ossified  from  several  centres ; 
but,  to  suit  his  skeleton,  these  centres  coalesce,  and  arc  ultimately  reduced  to  three. 
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fourth  about  puberty;  the  fourth  to  the  third  about  the  age  of  20 
or  25  ;  the  third  to  the  second  about  35  or  40  :  the  second  rarely 
unites  to  the  first,  or,  if  so,  only  in  advanced  age ;  and  even  then, 
there  is  only  a  thin  layer  of  bone  externally ;  the  cartilage  in  the 
centre  still  remains.  The  reason  why  the  union  between  the  first 
and  second  bones  of  the  sternum  remains  cartilaginous  is  to  permit 
a  certain  amount  of  motion  which  facilitates  respiration.  In  some 
subjects  the  line  of  junction  is  very  perceptible  through  the  skin, 
more  especially  in  persons  of  a  tubercular  diathesis. 


THE  EIBS, 
(Plate  XXXIX.) 


There  are  twelve  ribs  on  each  side;  the  upper  seven  increase  in 
length  from  the  fii-st,  and  are  called  "true  "  ribs,  because  they  are 
fixed  to  fche  sternum  by  their  cartUages.  The  lower  five  decrease 
in  length  from  above  downward^  and  are  called  "  false,"  because 
their  cartilages  fall  short  of  the  sternum.  The  cartilages  of  the 
eighth,  nmth,  and  tenth  ribs  are  connected  to  that  of  the  seventh  • 
but  the  eleventh  and  twelfth  are  free,  and  are  therefore  called 
floating  ribs.  One  sometimes,  though  rarely,  meets  with  skele- 
tons with  thirteen  ribs,  the  13th  being  a  lumbar  rib.  This  is  a 
degradation.  The  Chimpanzee  has  thirteen  ribs,  but  the  same 
number  of  vertebra}  as  man. 

General  chm-ac-      As  an  example  cf  the  general  characters  of  a 
c  sofanb.      ^   rib,  let  us  take  the  fifth  or  sixth.    In  the  first 
place,  obseire  that  the  curve  is  not  uniform.    It  is  much  more 
curved  towards  the  vertebral  end  than  elsewhere.    Besides  which, 

keleton  that  the  vertebral  ends  of  the  ribs  are  higher  than  their 
ernal  ends.    If  both  ends  had  been  on  the  same  level,  the 
•sternum  could  not  have  been  raised /on.arrf.  in  inspiration. 
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The  vertebral  end  or  "  head "  (fig.  3)  has  two  oblique  surfaces 
(with  an  intervening  ridge),  which  articulate  with  the  sides  of  the 
bodies  of  two  contiguous  vertebrae.    The  lower  of  these  two  sur- 
faces is  always  the  larger.    The  head  of  the  rib  is  the  fulcrum 
upon  which  the  rib  moves,  and  it  is  wedged  in,  as  it  were,  between 
two  vertebrae,  because  it  is  less  liable  to  be  dislocated  than  if  sup- 
ported by  a  single  one;  and  moreover  it  has  the  benefit  of  the 
elasticity  of  the  intervening  fibro-cartilage.      This,  as  Paley 
observes,  is  the  very  contrivance  employed  in  the  famous  iron 
bridge  at  Bishop's  Wearmouth. 

Next  to  the  head  comes  the  "  neck  "  of  the  rib.  This  is  smooth 
in  front,  where  it  is  covered  by  pleura,  but  rough  behind  for  the 

attachment  of  a  ligament  (middle 
costo-transverse),  which  connects  it 
to  the  transverse  process  by  which 
the  rib  is  supported,  as  is  seen  in 
the  adjoining  cut:  again,  the  neck 
has  a  little  ridge  along  its  upper 
surface  for  the  attachment  of  a  second 
ligament  (superior  costo-transverse), 
which  connects  it  to  the  transverse  process  above  it. 

External  to  the  neck  is  the  "tubercle."  It  h?s  a  little  facette 
which  articulates  with  the  transverse  process  supporting  the  rib ; 
and  above  the  facette  is  the  rougher  part  of  the  tubercle  which 
gives  attachment  to  a  third  Ugament  connecting  the  rib  to  the 
transverse  process  (posterior  costo-transverse). 

External  to  the  tubercle,  the  rib  makes  a  sudden  curve  forwards, 
forming  the  "angle."    Observe  that  the  distance  between  the 
ancle  and  the  tubercle  increases  as  we  trace  the  ribs  do^vmwai-ds, 
in  order  to  make  room  for  the  great  muscle  of  the  spine  (erector 
spin^)    The  angle,  for  obvious  reasons,  is  the  strongest  pai-t  of  the 
rib    It  is  either  at  the  angle  or  near  it,  that  the  rib  breaks  when 
the  chest  is  compressed,  for  instance,  in  a  crowd.    In  this  kind  of 
fracture-*.  6.  by  mcitrerf  violence -the  broken  ends  project 
outwards,  and  are  therefore  less  liable  to  injure  the  plevu-a.  I  have 
seen  8  ribs  broken,  from  the  2nd  inclusive  to  the  9th,  m  con- 
sequence of  a  squeeze all  reunited  by  bone,  without  injury  to  the 
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pleura.  But  in  direct  violence — e.g.  a  kick  by  a  torse — the  rib 
breaks  where  it  is  struck,  and  the  broken  ends  are  driven  inwards, 
and  consequently  are  more  liable  to  injure  the  pleura. 

The  rest  of  the  rib  arching  forwards  from  the  angle  along  the 
side  of  the  chest  is  called  the  "  body."    It  is  flattened  from  above 
downwards,  like  a  bow.    On  its  inner  surface,  near  the  lower 
border,  is  a  •  deep  groove  for  the  intercostal  vessels  and  nerve. 
Observe,  the  groove  does  not  extend  all  along  the  rib :  it  begins 
about  the  angle,  and  is  gradually  lost  before  we  come  to  the 
anterior  end.    The  vessels  and  nerve  are  safe  where  they  lie  in  the 
groove,  but  between  the  angle  of  the  rib  and  the  spine,  and  again 
in  front  of  the  chest,  they  are  liable  to  be  injiued  through  the 
intercostal  spaces.     In  consequence  of  this  groove,  the  lower  end 
of  the  rib  is  much  thinner  than  the  upper,  which  is  thick  and 
rounded.    In  the  groove  itself  you  wHl  notice  the  orifices  of  the 
numerous  canals  which  transmit  blood-vessels  into  the  interior  of 
the  rib.    The  ribs  are  the  most  vascular  bones  in  the  body :  hence 
the  rapidity  with  which  they  unite  after  a  fracture. 

Eespecting  the  anterior  end  we  need  only  remark  that  it  is  rough, 
and  a  little  excavated  to  receive  the  costal  cartilage. 

Peculiarities  of      The  first,  eleventh,  and  twelfth  ribs  have  pecu- 
IJ™;— ■  """"''^  -  W  =«P"-te  .otice. 

The  first  nb  zs  the  most  horizontal,  the  shortest 
the  most  curved,  the  flattest  and  broadest  of  all,  for  reasons  whicli 
speak  for  themselves.    Its  head  has  a  single  articular  surface  which 
rests  on  the  first  dorsal  vertebra.    It  has  the  largest  tubercle,  and 
this  IS  well  supported  by  the  transverse  process.     There  is  scarcely 
a  trace  of  angle.    On  its  upper  surface,  we  notice  two  slicrhtly 
marked  transverse  grooves  about  the  breadth  of  a  finger,  indicatino- 
where  the  rib  is  crossed  by  the  subclavian  vein  and  arteiy.  Against 
this  surface  the  subclavian  artery  may  be  effectually  compressed, 
ihe  grooves  are  separated  on  the  inner  border  of  the  rib  by 
a  "tubercle"  denoting  the  insertion  of  the  "scalenus  anticus." 
Behmd  this  IS  the  insertion  of  the  scalenus  medius.    Lastly,  there 
is  no  groove  for  the  intercostal  artery. 

It  is  an  interesting  fact,  that  the  compact  tissue  forrnin..  the 
concave  margm  of  the  first  rib  is  very  much  thicker  than  that 
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the  convex  side.  The  first  rib  is  the  strongest  of  all :  it  has  to 
support  the  manubrium  sterni  and  the  clavicles,  and  to  protect  all 
the  important  parts  at  the  base  of  the  neck.  Fracture  of  the 
first  rib  is  a  very  rare  accident ;  but  when  it  does  happen,  a  most 
serious  one,  because  it  is  the  starting  point  of  all  the  other  nbs 
in-  respiration,  and  because  there  are  so  many  important  vessels 
and  nerves  in  relation  with  it. 

The  eleventh  and  twelfth  ribs  being  shorter  and  less  perfectly 
developed,  are  chiefly  distinguished  by  their  negative  characters. 
They  articulate  with  only  one  vertebra,  do  not  touch  the  transverse 
processes,  have  no  tubercle  or  groove.  Each  i.  tipped  with 
cartilage.    On  account  of  their  looseness  they  are  seldom  broken. 

Ossification  begins  very  early  in  the  ribs  to  protect  the  heart  and 
luncs.  There  is  o^e  " primary"  centre  for  the  body,  an  epiphysis 
fL^he  head,  and  another  for  the  tubercle.  These  epiphyses 
appear  from  the  15th  to  the  18th  year,  and  umte  with  the  rest  of 
the  bW  about  the  a^e  of  25^^  ^  ^^^^^^ 

Costal  caetilages.      Ke&petimy  t  i  nrder  to 

they  increase  in  length  from  above,  m  order  to 
allow  the  requisite  play  of  the  ribs  in  respiration.    Their  grea 
auoiv  buo     4         r  Thev  act  as  mechanical 

etotioity  answers  a  double  purpose,  iney 
a»euts  of  expiration  by  depressing  the  nbs,  and  enable  the  ehest 
:f  b  arte^  blows  with  impunity.    A  blow  on  the  sternum  .s 
dist'L:d  over  fourteen  elastic  arches!     One  can  understand 
"by  the  chest  is  able  to  bear  such  tremendous  blows 
^  h  ilpU^  and  this  more  specially  during  a  ull^sp.  " 
Z        llnrinff  expiratiou  the  bones  are  less  able  to  resist  m 
tev  be  Ju    the  —  are  not  acting.    Notwithstanding  these 
Ct^Ip— s.  the  sternum  is  some«mes 

tronsthe  e„ried  away,  supposed  to 

;::earColilr"aecidentaUy,I>upuy.enrepl.edtbesternum, 

and  ^^^"""If  to  demonstrate  at  present  how  the 

J^nJl  chit  iLnlarged  in  the  transverse  and  in  ae  an 
i,  eniarjed  in  in-  j^^.p^sterior  direction  by  the  elevation  of  the  nbs. 

siiiriition. 
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Fig.  43. 


The  spine,  of  course,  is  fixed,  and  serves  as  a  fulcrum  for  the  ribs, 
which  are  the  levers. 

At  the  moment  of  inspiration,  the  ribs,  which  you  must  remem- 
ber are  oblique,  are  raised  by  the  intercostal  muscles.  The  centre 
of  motion  being  at  the  spine,  it  is  plain  that  the  more  nearly  the 
ribs  become  horizontal,  the  greater  will  be  the  distance  between'the 
spine  and  the  sternum.  Thus  let  the  line 
V  V  in  fig.  43,  represent  the  spine ;  the  line 

S  S  the  sternum;  a,  b,  c,  three  ribs  in 

their  oblique  position ;  and  a',  h',  c',  the 

same  ribs  elevated.    It  is  obvious  that  by 

raising  the  ribs  we  increase  at  the  same 

time  the  antero-posterior  diameter  of  the 

chest ;  or,  in  other  words,  we  increase  the 

distance  between  the  spine  V  V  and  the 

sternum  S  S. 

The  same  diagram  proves,  that  when 

the  ribs  are  raised,  the  intercostal  spaces 

are  widened ;  that  is,  a  perpendicular  let 

fall  between  two  ribs  is  longer  when  the 

ribs  are  raised  than  when  they  are  de- 
pressed, g' 

Now  when  the  ribs  rise,  they  describe  a  kind  of  rotatory  movement 
around  an  imaginary  axis,  as  shown 
at  A  B,  fig.  44,  which  imites  their 
Vertebral  and  sternal  ends.  In 
consequence  of  this  rotation  on  its 
ends,  the  external  surface  of  the  rib 
which  looks  downwards  and  out- 
wards when  at  rest,  takes  a  direct  outward  aspect  when  it  is  ele- 
vated.   In  this  way  the  transverse  diameter  of  the  chest  is  au- 
mentecl.  , 

on  of  the  stei-num,  caused  by  their  elevation  would  be  equal  .U 

t  f  Hows  that  the  sternum  will  be  projected  more  and  more  ' 
descend  from  its  upper  end. 

P  3 


Pig.  44. 


as  we 
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TEE  THORAX, 


Fig.  45. 


Next  come  the  questions,  how  are  the  ribs  raised,  and  how  are 
they  depressed  ?  They  are  raised  by  the  external  intercostal  muscles 
(which  run  obliquely  downwards  and  forwards) ;  they  are  depressed 
by  the  internal  intercostal  muscles  (which  run  obliquely  upwards  and 
forwards).    These  facts  are  proved  by  the  following  diagram  :— 

Let  V  V  repre- 
sent the  spine,  1'  2' 
two  ribs  in  a  state 
of  obliquity  or  rest, 
and  a'  a  fibre  of  an 
external  intercostal 
muscle.   Now  when 
the  fibre  a'  contracts, 
it  shortens  itself  : 
but  this  shortening 
cannot  take  place 
unless  the  ribs  are 
at  the  same  time 
broiight  more  into 
the  horizontal  line, 
as  shown  at  1,  2  ;  in 

other  words,  unless  they  are  raised ;  therefore  the  external  inter- 
costal muscles  are  mspiratori/ muscles.  . 

The  same  kind  of  demonstration  proves  that  the  internal  mter- 
costal  muscles  depress  the  ribs,  and  are  therefore  expirato^^ 
muscles.  For  let  h  be  a  fibre  of  an  internal  intercostal  muscle 
extended  between  the  ribs  3  and  4  in  a  state  of  elevation,  it  is 
easy  to  see  that,  when  the  fibre  h  contracts  or  shortens  itself,  it 
cannot  do  so  without  bringing  the  ribs  into  a  more  obHque  position 
as  shown  at  3'  and  4'.  That  the  fibre  6'  must  be  shorter  than  the 
fibre  h  may  be  proved  by  a  pair  of  compasses. 


MUSCLES  ATTACHED  TO  TIIE  THORAX. 
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MUSCLES  ATTACHED  TO  THE  CHEST. 


TO  THE  FRONT  OF  THE  CHEST  (Plate  XXXIX.) 


Pectoralis  major., 


Pectoralis  minor . 


f  0.  Third,  fourth,  and  fifth  ribs. 
'  \  I.  Coracoid  process  of  scapula. 


Ei'ont  surface  of  sternum;  sternal  half  of  cla- 
vicle; cartilages  of  all  true  ribs  but  first  and  last. 
Outer  edge  of  bicipital  groove  of  humerus. 


Serratus  magnus. 


TO  THE  SIDE  OF  THE  CHEST  (Plate  XL.) 


{0.  Eight  or  nine  upper  ribs  hy  digitations. 
L  Posterior  border  of  scapula. 


ObUquus  externns  abdommis 


0.  Anterior  half  of  crest  of  ilium. 

By  digitations  into  eight  or  nine  lower  ribs ; 
linea  alba ;  spine  of  pubes. 


TO  THE  trPPEE  PART  OP  THE  CHEST. 

rO.  Upper  and  front  part  of  sternum;  sternal  third 

Stemo-cleido-mastoid.  of  clavicle. 

'I  I.  Mastoid  process  of  temporal  bone ;  superior 
L       curved  line  of  occiput. 

Sterno-hyoid    f  ^-  Behind  first  bone  of  sternum. 

II.  Body  of  the  os-hyoides. 

Stemo-thyroid  f  ^-  Behind  first  bone  of  stemum. 

II-  Along  side  of  thyroid  cartilage. 

Sub-clavius  /      Cartilage  of  first  rib. 

LI-  Under  surface  of  clavicle. 

 r- fc^KT^rcSS^^^^ 

LI.  Tubercle  of  first  rib. 

Scalenus medius  and  posticus../^"    WrcSSS"'""^'  '"'"'^^^^^  °^  «^ 

Ll  Hinder  part  of  first  and  second  ribs. 


TO  THE  LOWER  PART  OF  THE  CHEST. 


Eectus  abdomiuis   /  ^-  Crest  of  the  pubes. 

"LI.  Pifth,  sixth,  and  seventh  costal  cartilages. 


Obliquus  internns  abdominis. 


Transversalis  abdominis 


^'  ^arch ^  °^  ""'^^^  °^  "'"^ '  ^  °^ 

I.  Lower  borders  of  the  three  or  four  lower  libs  • 
unoa  alba ;  crest  of  pubes. 

0.  Outer  •  of  crural  arch ;  anterior  §  of  crest  of 

ilmm ;  transverse  processes  of  lumbar  vertebrae  • 
inner  surface  of  the  six  or  seven  lower  ribs 

1.  Lmca  alba ;  crest  of  pubes. 
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f  0.  Ensiform  cartilage ;  six  lower  ribs ;  ligamenta 
Diapliragm  <       arcuata  * ;  bodies  of  three  upper  lumbar  vertebra;. 

(  I.   The  central  tendon. 

f  O.  Crest  of  ilium ;  ilio-lumbar  ligament. 
Quadratus  lumborum  \  I.  Last  rib  ;  transverse  processes  of  four  lower  lum- 

|_       bar  vertebrae. 

INTERCOSTAL  MUSCLES. 

These  muscles  occupy  the  intercostal  spaces,  and  are  attached  to 
the  margins  of  the  ribs.  There  are  two'  layers,  crossing  like  the 
letter  X.  The  external  layer  begins  at  the  tubercles  and  stops  at 
the  cartilages:  its  direction  is  downwards  and  forwards.  The 
internal  layer  begins  at  the  angles  and  extends  to  the  sternum :  its 
direction  is  upwards  and  forwards. 

f  0.  Inner  surface  of  sternum. 
Triangularis  stemi  <i    Cartilages  of  second,  thurd,  fourth,  and  fifth  ribs. 


MUSCLES    OF   THE  BACK. 
(Plates  XLIL  to  XLV.) 

The  plan  we  propose  to  adopt  in  the  description  of  the  muscles 
of  the  back  is  to  take,  first,  the  more  superficial  muscles  connected 
with  the  arm.  When  these  are  removed,  we  bring  into  view  the 
great  muscles  of  the  spine,  which  fill  up  the  vertebral  grooves,  and 
keep  the  body  erect.  Lastly,  we  have  the  mass  of  muscles  at  the 
back  of  the  neck  which  are  attached  to  the  occipital  bone. 

*  The  "ligamenta  arcuata"  are  shown  in  Plate  XLL  The  inner  of  these  two 
arched  ligaments  extends  from  the  body  of  the  first  lumbar  vertebra  to  it.  transverse 
process ;  the  outer  extends  from  the  transverse  process  to  the  last  r.b. 


PLATE  Xm. 


MUSCLES  OF  THE  BACK. 
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THE  SUPERFICIAL  MUSCLES  OF  THE  BACK. 

These  are  shown  in  Plate  XLII.  The  most  superficial  is  the 
trapezius/'  a  triangular  muscle  of  which  the  limits  are  defined  by 
the  continuous  dark  line.  The  other  wide-spreading  superficial 
muscle  is  the  "latissimus  dorsi."  Under  the  trapezius  we  have 
the  "rhomboideus"andthe  "levator  anguli  scapulae"  (shown  in 
Plate  XLiy.). 

CO.  Occiput:  ligamentum  nuchse:  spines  of  all  the 
Trapezius  J        dorsal  Tertebrte, 

1      ^P'°^  of  scapula, :  acromion,  acromial  third  of 
clavicle.  , 

r  0.  Crest  of  the  ilium.    Spines  of  all  the  lumbar,  and 

Latissimus  dorsi   J        six  lower  dorsal  vertebrte,  and  by  dieitations 

I        from  the  three  lower  ribs. 

LI.  Bottom  of  bicipital  groove  of  humerus. 

Ehomboideus(majorandminor)[^-  ^SZ"^^""'  '""^'""^  and  five  upper  dorsal  vcr- 

(.  I.  Posterior  border  of  scapula. 

Levator  anguli  scapulae  ^ebrr'''  ^"""^  upper  cervical  ver- 

I  J-  Upper  angle  of  scapula. 

men  the  preceding  muscles  are  removed,  we  have  stiU  to  take 
off  the  serratus  posticus  superior"  and  "inferior."  Understand 
these  belong  neither  to  the  arm  nor  the  spine,  but  to  the  ribs. 

Serratus  posticus  superior  ^venebrl  ^"^^  ""^"''^  "PP^"^  ^"'•S'^l 

LL  Second,  third,  and  fourth  ribs. 

Serratus  posticus  inferior   ^vlrtebrl*'^"  ^^'^  ''"'^  "PP"^" 

(.1-  Four  lower  ribs. 
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L.Hfllden  Del^ 


T.GodartLitk 


FIATE  XIYT 


L-Holdeti  Del* 


T.Godart  Lith 


^  LA.TE  XLTU 


Holden  Del^ 
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'ea.. 


Ma.lleus. 
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^aci^l  nerve 
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MUSCLES  OF  THE  BACK  OF  THE  NECK. 
(Plate  XLV.) 

We  make  a  separate  group  of  these,  because  they  are  specially 
intended  to  maintain  the  head  erect,  and  to  move  the  first  upon 
the  second  vertebra.  The  "trapezius"  being  reflected,  we  come 
to  the  "  splenius,"  and  beneath  that  to  the  "  complexus." 

..         „.  fO.  Spines  of  four  cemcal  and  six  dorsal  vertebra. 

Splenius  capitis  et  colli  j  L  Mastoid  process  and  occipital  bone  ;  transverse 

L       processes  of  three  upper  cervical  vertebrte. 

^       ■  f  0-  Transverse  processes  of  six  dorsal  and  articular 

t^omplexus   J        processes  of  four  cervical  vertebra. 

|_  L  Occipital  bone. 

The  above  muscles  being  reflected,  we  expose  the  muscles  of  the 
atlas  and  axis;  namely,  the  "rectus  capitis  posticus  major"  and 
"mmor,"  the  "obliquus  superior"  ajid  "inferior,"  and  the  "rectus 
lateralis." 

Eectus  capitis  posticus  major  .        ^P^"^  of  the  axis. 

\1.  Occipital  bone. 

Rectus  capitis  posticus  minor  .•f^'  Spine  of  the  atlas. 

'  1. 1.  Occipital  bone. 

Rectus  capitis  lateralis   f  ^-  Transverse  process  of  atlas. 

1  J-  J ugular  eminence  of  occipital  bone. 

Obliquus  superior   J"  ^-  Transverse  process  of  atlas. 

 1 1.  Occipital  bone.  . 

Obliquus  inferior  /      Spine  of  the  axis. 

II-  Transverse  process  of  atlas, 


MUSCLES  IN  FRONT  OF  THE  SPINE. 
(Plates  XL VI.  and  XLVH.) 

There  are  only  three  prevertebral  muscles  in  the  cervical 
region;  namely,  the  " rectus  capitis  anticus  major  "  and  "minor/' 
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OS  HYOIDKS. 


and  the  "  longus  colli."  In  the  lumbar  region  we  have  the  right 
and  left  crura  of  the  "diaphragm,"  the  "psoas  magnus,"  and 
occasionally  a  "  psoas  parvus." 

fO.  Transverse  processes  of  third,  fourth,  fifth,  and 
Eectus  capitis  anticus  major  ...  <         sixth  cervical  vertebras. 

t_I.  Basilar  process. 

„  ...        .  f  0.  Transverse  process  of  atlas. 

Eectus  capitis  anticus  minor ...  |  j  ^^^^^^s. 

The  "longus  colli"  consists  of  a  longitudinal  and  an  oblique 
portion.  The  longitudinal  part  arises  from  the  bodies  of  the 
three  upper  dorsal  and  two  lower  cervical  vertebrae,  and  is  inserted 
into  the  bodies  of  the  second,  third,  and  fourth  cervical  vertebrae. 
The  oblique  part  arises  from  the  transverse  processes  of  the  third, 
fourth,  and  fifth  cervical  vertebrae,  and  is  inserted  into  the  tubercle 
of  the  atlas.  Other  oblique  fibres  arise  from  the  bodies  of  the 
three  upper  dorsal  vertebrae,  and  are  inserted  into  the  transverse 
process  of  the  fifth  cervical  vertebra. 

CO.  Eight  eras  from  four  lumbar  vertebrae,  left  from 

Diaphragm  ■{  three. 

I,   Central  tendon, 
j"  0.  Bodies  and  transverse  processes  of  all  the  lumbar 

Psoas  magniis  ^         vertebrse.  ^ 

Trochanter  minor. 

r  0.  Body  of  last  dorsal  vertebra. 
Psoas,  parvus   |      Brim  of  pelvis. 


OS  HYOIDES. 
(Plate  XLVin.) 


The  OS  hyoides,  so  called  from  its  likeness  to  the  Greek  letter 
Upsilon,  is  situated  between  the  larynx  and  the  root  of  the  tongue. 
When  the  neck  is  in  its  natural  position,  it  can  be  plainly  felt  on  a 
level  with  the  lower  jaw,  and  about  one  inch  and  a  half  behind  it. 
Jt  serves  to  keep  open  the  top  of  the  larynx,  and  for  the  attach- 
ment of  the  muscles  which  move  the  tongue. 

It  is  divided  into  a  "  body"  or  front  part,  and  into  a  "greater 
and  a  "  lesser  cornu  "  on  each  side. 


PLATEXL-vnr. 


Os-iiyoides. 


Hyo-glossTJS  

Tbyro^yoioleMs . 


Stylo-Lyoi  deu  s 
and  Di^asbricus 


OtnoAiyoideus  ;, 

Sterno-Viyoideus 


Attacliment  of  Thyro-Vid  '^E 


■  (breaker  cocnn 
 Lesser  cornu 


Body 


!xcavation  for  Thyroid  cartilage 


OS  nYOIDES. 
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The  "body"  is  the  thickest  and  strongest  part.  Its  ujp'per  sur- 
face is  marked  by  the  impressions  of  the  muscles  attached  to  it. 
There  is  generally  a  transverse  and  a  perpendicular  ridge.  Often 
there  is  a  little  projection  from  the  middle,  which  is  interesting  as 
a  rudiment  of  the  process  to  which  is  attached  the  lingual  bone  of 
animals,  which  runs  into  the  substance  of  the  tongue.  Its  under 
surface  is  slightly  excavated,  as  seen  in  fig.  2,  which  shows  a  trans- 
verse section  through  the  centre  of  the  body.  Observe,  this  hollow 
is  not  for  the  attachment  of  muscles,  but  for  the  purpose  of  making 
room  for  the  thyroid  cartilage  to  rise  behind  the  os  hyoides  in 
deglutition.  It  is  a  rudiment  of  the  great  cavity  which  forms  the 
drum  in  the  hyoid  bone  of  the  howling  monkeys  (mycetes).  Ob- 
serve, moreover,  that  the  plane  of  the  body  is  nearly  horizontal, 
and  that  the  thyro-hyoid  ligament  is  attached  to  its  joosterior 
border. 

The  greater  cornu  projects  backwards  about  one  inch  and  a  half, 
not  quite  horizontally,  but' with  a  slight  inclination  upwards,  and 
terminates  in  a  blunt  end  tipped  with  cartilage.  Until  the  middle 
period  of  life,  the  great  cornu  is  united  to  the  body  by  cartilage ; 
but  this  ossifies  in  the  progress  of  age. 

The  lesser  cornu  is  not  much  larger  than  a  baiieycorn,  and  pro- 
jects backwards  at  an  acute  angle  from  the  junction  of  the  body 
and  the  greater  cornu.  It  articulates  with  the  body  by  a  little 
joint,  and  is  freely  movable:  the  stylo-hyoid  ligament  is  attached 
to  the  end  of  it. 

The  many  muscles  attached  to  the  hyoid  bone  are  shown  in  the 
plate. 

The  OS  hyoides  is  connected  to  the  thyroid  cartilage  by  three 
ligaments,  which  contain  a  large  quantity  of  elastic  tissue.  These 
ligaments  are:  — 1.  The  anterior  thyro-hyoid  (Plate  XL VIII.  a, 
fig.  1),  which  proceeds  from  the  pomum  Adami  to  the  upper  part 
of  the  body  of  the  os  hyoides.  2.  The  two  posterior  thyro-hyoid, 
which  extend,  one  on  each  sidte,  from  the  end  of  the  great  cornu  of 
the  OS  hyoides  to  the  superior  cornu  of  the  thyroid  cartilage.  The 
vacant  space  left  in  the  dried  preparation  between  the  hyoid  bone 
and  the  thyroid  cartilage  is  closed  in  the  recent  state  by  the  thyro- 
hyoid membrane. 
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GENERAL  SUllVEY  OF  THE  SICELETON. 


The  bone  is  ossified  from  five  centres  — one  for  the  body,  and 
one  for  each  of  its  four  horns. 


GENERAL  STJRYEY  OF  THE  SKELETON. 

Let  US  now  take  a  general  survey  of  the  skeleton,  and  observe 
how  admirably  it  is  adapted  to  the  erect  attitude. 

1.  ^Vhen  a  man  stands  erect,  a  transverse  plane  {a  b)  falling  from 
Fio.  46.  head  passes  through  the  occipito-atlan- 

toid,  lumbo-sacral,  sacro-iliac,  hip,  knee,  and  ankle- 
joints  ;  in  a  word,  through  all  the  joints  which  transmit 
the  weight  to  the  ground.  This  explains  why  a  man 
can  carry  a  weight  on  the  top  of  his  head  easier  than 
~ih  any  other  way. 

2.  The  foramen  magnum  and  the  condyles  of  the 
occiput  are  nearly  horizontal,  and  advanced  almost  to 
the  middle  of  the  base  of  the  skull,  so  that  the  head 
may  be  nicely  balanced  on  the  cups  of  the  atlas. 
True,  there  is  a  slight  tendency  in  the  head  to  drop 
forwards,  but  this  is  compensated  by  the  great  strength 
of  the  muscles  which  keep  the  head  erect.  Contrast 
the  position  of  the  condyles  in  the  human  skull  "with 
that  of  the  ourang  ou.tan,  in  which  the  condyles  are 
not  only  placed  nearer  to  the  back  of  the  head,  but 
obliquely,  so  as  to  make  an  angle  of  40°  with  the 
horizon.  The  lower  we  go  in  the  scale,  the  greater 
is  the  contrast.  In  the  horse,  for  instance,  the  plane  of 
the  condyles  and  foramen  magnum  is  vertical.  In  this,  and  all  other 
herbivorous  quadrupeds,  the  weight  of  the  head  is  sustained,  not  by 
muscular  power,  but  by  an  enormously  strong  and  elastic  ligament 
(ligamentum  nuchse,  or  pack-wax),  which  extends  from  the  lofty 
spines  (withers)  of  the  dorsal  vertebrae  to  the  crest  of  the  occiput. 

3.  The  face  is  placed  perpendicularly  under  the  cranium,  so 
that  the  plane  of  the  face  and  forehead  correspond,  and  this  cha- 
racteristic of  the  "  human  face  divine  "  is  the  form  best  adapted 
for  the  erect  attitude.  If  man  went  on  all  fours,  he  would 
habitually  see  and  smell  nothing  but  the  ground.    As  it  is,  the  di- 
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rection  of  the  orbits  is  horizontal,  and  therefore  gives  the  greatest 
range  of  vision;  and  the  direction  of  the  nose  gives  the  greatest 
range  of  smell.  We  aa-e  all  reminded  here  of  the  beautiful 
lines — 

"  Pronaque  dum  spectant  animalia  cajtera  terram, 
Os  homini  sublime  dedit,  ccelumque  tueri 
Jiissit,  et  erectos  ad  sidera  tollere  vultus." 

4.  The  thorax  is  much  broader  in  the  transverse  than  in  the 
antero-posterior  diameter,  which  is  peculiar  to  man  and  the 
highest  species  of  ape.  This  great  breadth  of  the  chest  throws 
the  arms  farther  apart,  and  gives  them  a  more  extensive  range ; 
besides  which  it  diminishes  the  tendency  there  would  otherwise 
be  in  the  trunk  to  fall  forwards.  Contrast  this  with  the  chest  of 
quadrupeds,  compressed  laterally,  and  deep  from  Sternum  to  spine 
in  order  that  the  fore  legs  may  come  nearer  together,  and  fall 
perpendicularly  under  the  trunk. 

5.  The  vertebral  column  gradually  increases  in  size  towards  the 
base.  It  is  curved,  which  makes  it  all  the  stronger,  and  better 
adapted  to  break  and  diffuse  shocks;  and  these  curves  wave 
alternately,  so  as  to  distribute  the  weight  advantageously  with  re- 
gard to  the  line  of  gravity.  This  line  passes  through  all  the 
curves,  and  falls  exactly  on  the  centre  of  the  base.  Observe, 
moreover,  the  length  and  size  of  the  spinous  processes  in  the 
lumbar  region  for  the  origin  of  the  great  "  erector-spinse." 

6.  The  weight  of  the  vertebral  column  is  supported  on  a  sacrum 
broader  in  proportion  than  in  any  other  animal.  The  iliac  bones 
ai-e  widely  expanded  and  concave  internally,  to  support  the  viscera 
and  give  powerful  leverage  to  the  muscles  which  balance  the  trunk. 
The  whole  pelvis  is  remarkably  broad,  so  as  to  widen  the  base  of 
support;  and  the  plane  of  its.  arch  inclines  so  as  to  transmit  the 
weight  from  the  sacrum  (or  crown  of  the  arch),  vertically  on  to  the 
heads  of  the  thigh  bones  :  lastly,  the  deepest  and  strongest  part  of 
the  socket  for  the  thigh  bone  is  in  the  line  of  weight:  conse- 
quently, the  joint  is  never  more  secure  than  in  the  erect  position. 

With  the  broad  and  capacious  pelvis  of  man,  contrast  the  loner 
and  narrow  pelvis  of  animals,  which,  in  place  of  forming  an  angle 
with  the  spme,  is  almost  in  the  same  line  mth  it. 
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7.  In  proportion  to  the  trunk,  the  lower  limbs  of  man  are  longer 
than  in  any  other  animal,  the  kangaroo  not  excepted.  Their  great 
length  prevents  their  being  adapted  for  locomotion  in  any  hvit  the 
erect  attitude.  The  femur  has  a  long  neck,  set  on  to  the  shaft  at 
a  very  open  angle,  so  that  the  base  of  support  is  rendered  still 
wider.  The  long  shaft  of  the  femur  inclines  inwards,  so  as  to 
bring  the  weight  well  under  the  pelvis,  which  is  obviously  of  great 
advantage  in  progression :  and  when  the  leg  is  extended,  the  femur 
can  be  brought  into  the  same  line  with  the  tibia :  thus  the  weight 
is  transmitted  vertically  on  to  the  horizontal  plane  of  the  knee- 
joint,  and  the  articular  surfaces  of  the  bones  are  expanded  to  give 
adequate  extent  of  support. 

8.  The  foot  of  man  is  broader,  stronger,  and  larger  in  proportion 
to  the  size  of  the  body  than  in  any  other  animal ;  so  that  he  can 
stand  on  one  leg,  which  no  other  mammal  can  do.  Its  strong 
component  bones  form  a  double  arch  of  exceeding  elasticity,  which 
touches  the  ground  at  both  ends,  and  receives  the  superincumbent 
weight  vertically  on  its  "  crown."  The  great  bulk  and  backward 
prolongation  of  the  os  calcis  at  right  angles  to  the  tibia  support 
the  arch  behind,  and  form  a  powerful  lever  for  the  great  muscles 
of  the  calf,  which  raise  the  body  in  progression,  and  the  bones  of 
the  great  toe  are  proportionably  strong,  in  order  to  form  the  chief 
support  upon  which  the  body  may  be  raised. 

9.  We  see,  then,  that  the  whole  fabric  of  the  skeleton  is  adjusted 
so  as  to  exempt  the  upper  limbs  from  taking  any  part  in  its  support. 
These  are  kept  wide  apart  by  the  clavicles,  and  their  component 
joints  admit  of  the  freest  range  of  motion.  The  twenty-seven 
bones  at  the  extremity  of  each  constitute  those  instruments  of  con- 
summate perfection,  the  "hands,"  of  which,  even  if  formal  disser- 
tations  had  not  been  written,  one  might  well  forbear  to  speak, 
since  they  have  such  eloquence  of  their  own.  "  Nam  caeterae  partes 
loquentem  adjuvant,  hse,  prope  est  ut  dicam,  ipsse  loquimtur : 
His  poscimus,  poUicemur,  vocamus,  dimittimus,  minamur,  suppli- 
camus,  abominamur,  timemus ;  gaudium,  tristitiam,  dubitationem, 
confessionem,  penitentiam,  modum,  copiam,  numerum,  tempus, 
ostendimus."  * 

*  Quintilian. 
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THE  LARYNX. 
(Plate  XLVni.  a.) 

The  larynx  is  situated  at  the  top  of  the  traohaea  or  windpipe. 
It  answers  a  double  purpose.  It  guards  the  opening  through 
which  the  air  passes  into  the  lungs :  it  is  the  organ  of  the  voice  and 
of  song.  Its  framework,  which  we  now  propose  to  examine,  consists 
of  five  cartilages  connected  by  joints  and  elastic  ligaments  in  such  a 
way  that  they  can  be  moved  upon  each  other  by  appropriate 
muscles;  the  object  of  this  motion  being  to  act  upon  two  elastic 
ligaments  termed  the  "vocal  cords,"  upon  which  the  voice  essen- 
tially depends.  The  cartilages  are  named,  respectively,  the  thy- 
roid, the  cricoid,  the  two  arytenoid,  and  the  epiglottis. 

Thyroid  cae-  The  thyroid  cartilage  is  so  named  because  it 
TixAGE.  shields  the  fine  apparatus  behind  it.*  It  consists  of 

two  lateral  symmetrical  plates  (alae),  united  in  front  at  an  angle 
which  forms  the  prominence  termed  "  pomum  Adami."  This  pro- 
minence, which  is  greater  in  the  male  than  in  the  female,  has  a 
"notch  "  at  the  upper  part,  as  if  a  portion  of  the  angle  had  been 
sliced  off:  the  object  of  this  is  to  permit  the  cartilage  to  rise  with 
greater  facility  behind  the  os  hyoides  in  the  act  of  deglutition.  It 
will  be  remembered  that  the  body  of  the  os  hyoides  is  excavated 
for  this  express  purpose.  More  than  this,  there  is  a  bursa  of  con- 
siderable size  to  prevent  friction  between  the  surfaces.  The  bursa 
is  practically  interesting,  because  it  may  enlarge  and  form  a  cyst 
in  front  of  the  neck.  I  have  seen  it  large  enough  to  hold  a  pigeon's 
egg. 

Look  at  the  outer  surface  of  the  ala  of  the  thyroid  cartilage 
(fig.  1).  Observe  that  it  has  an  oblique  ridge,  more  or  less  marked, 
with  tubercles  at  each  end,  indicative  of  the  attachments  of 
muscles.    The  ridge  gives  origin  to  the  thyro-hyoid  and  insertion  / 


*  dvpe6s,  a  shield. 
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2-  to  the  stemo-thyroid  muscles.    Behind  the  ridge  is  the  origin  of 
J)  the  inferior  constrictor  of  the  pharynx,  which  we  trace  down  to  the 
side  of  the  cricoid  cartilage.    The  posterior  border  of  the  ala  is 
^  nearly  vertical,  and  gives  insertion  to  the  stylo-pharyngeus.  The 
inferior  border  of  the  ala  has  generally  two  curves,  and  gives  inser- 
^tion  to  the  crico-thyroid  muscle.   This  muscle,  observe,  arises  from 
the  side  of  the  cricoid  cartilage ;  consequently,  when  it  acts,  it  draws 
the  two  cartilages  together. 

The  posterior  part  of  each  ala  has  two  projections,  termed  its 
"  cornua  "  superior  and  inferior.  The  superior  comu  gives  attach- 
^  ment  to  the  posterior  thyro-hyoid  ligament.  The  inferior  comu 
articulates  with  the  cricoid  cartilage.  This  is  a  perfect  joint,  pro- 
vided with  a  synovial  membrane  and  ligaments.  It  is  important  to 
remember  that  the  form  of  the  joint  admits  of  only  vertical  move- 
ment of  the  thyroid  cartilage ;  the  axis  of  motion  being  a  transverse 
line  drawn  through  both  joints.  We  shall  presently  see  that  upon 
this  movement  depends  the  tuning  of  the  vocal  cords. 

So  much  for  the  outside  of  the  thyroid  cartilage.    Now  for  the 
parts  attached  within  the  angle.    To  see  them  properly,  one  of  the 
alas  should  be  removed,  as  we  have  done  in  fig.  2.    You  then 
observe  that  the  following  objects  are  attached  to  the  angle  begin- 
A  ning  at  the  top:  1,  the  anterior  thyro-hyoid  Kgament;  2,  below 
this,  the  apex  of  the  epiglottis;  3,  lower  down,  the  false  vocal, 
y  cords;  4,  still  lower,  the  t^-ue  vocal  cords;  5,  below  these,  the 
^  origin  of  the  thyro-arytenoideus ;  lastly,  at  the  lower  border  of  the 
<^  angle,  is  the  attachment  of  the  crico-thyroid  ligament. 

Cricoid  cauti-  The  cricoid  cartilage  (Plate  XL VIII.  a)  forms  a 
LAGE.  complete  ring  (whence  its  name)  a  little  broader  in 

the  antero-posterior  diameter  than  in  the  transverse.  It  is  situated 
at  the  top  of  the  trachsea  immediately  below  the  thyroid  cartilage. 
The  ring  is  not  of  the  same  depth  all  round.  Observe  that  it  is 
narrow  in  front,  and  that  from  this  part  the  upper  border  of  the 
ring  gradually  rises,  so  that,  behind,  the  ring  is  a  full  inch  in  ver- 
tical depth,  and  occupies  part  of  the  interval  between  the  alse  of 
the  thyroid.  This  slope  of  the  cricoid  towards  the  front  is  obviously 
for  the  purpose  of  permitting  the  vertical  play  of  the  thyroid.  The 
interval  between  the  two  cartilages  can  be  plainly  felt  in  the 
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middle  line  of  the  neck ;  and  in  the  adult  it  is  about  half  an  inch  in 
depth.  It  is  occupied  by  the  crico-thyroid  ligament,  which  connects  <1 
the  two  cartilages.  All  that  concerns  this  interval  is  practically 
interesting,  because  it  is  here  that  we  perform  laryngotomy.  This 
operation  consists  in  dividing  the  crico-thyroid  ligament  trans- 
versely close  to  the  cricoid  cartilage,  in  order  that  the  incision  may 
be  as  distant  as  possible  from  the  vocal  cords. 

Passing  from  the  front  towards  the  side  of  the  cricoid  cartilage 
we  notice  the  origin  of  three  muscles,  namely— the  crico-aryte-  ^ 
noideus  lateralis  along  the  upper  edge  (fig.  2) ;  the  crico-thyroid  in  ' 
the  middle  (fig.  1) ;  and,  lower  down,  a  portion  of  the  inferior  con- 
strictor of  the  pharynx. 

At  the  back  part  of  the  cricoid  cartilage  (fig.  3)  we  observe  on 
either  side  a  broad  excavation  for  the  origin  of  the  crico-aryte- 
noideus  posticus.  Generally  these  muscles  are  separated  by  a  slight 
vertical  crest.  At  the  top  of  the  cricoid  are  the  two  small  oval  ar- 
ticular surfaces,  one  on  each  side,  for  the  arytenoid  cartilages, 
which  we  shall  examine  presently. 

The  side  of  the  cricoid  articulates  with  the  inferior  cornu  of  the 
thyroid  cartilage  by  means  of  a  perfect  joint,  provided  with  a 
synovial  membrane  and  hgaments.  The  structure  of  this  joint  per- 
mits the  two  cartilages  to  move  upon  each  other,  so  that  their 
opposite  borders  can  be  approximated  by  the  crico-thyroid  muscle 
as  before  observed.  It  deserves  especial  attention,  because  the 
degree  of  this  approximation  regulates  the  tension  of  the  vocal 
cords. 

Lastly,  the  lower  border  of  the  cricoid  is  horizontal,  and  con- 
nected to  the  first  ring  of  the  trachea  by  an  elastic  membrane 

oix"r  «°  ^^^ed  from  their 

resemblance  to  an  ancient  ewer  {apiraiva),  are 
situated,  one  on  each  side,  at  the  upper  part  of  the  cricoid  (fi.,.  3) 
Each  IS  somewhat  pyramidal  in  form,  with  the  apex  above,  lookinC 
towards  Its  fellow,  and  slightly  curved  backwards.  The  apex  of 
each  IS  generally  surrounded  by  one  or  two  nodules  of  cartilage, 
termed  the  "  cartilages  of  Santorini "  or  "  cornicula  laiyngis."  The 
ba.e  presents  an  oval  concave  surface,  which  forms  a  perfect  joint 
with  a  corresponding  convex  surface  on  the  cricoid  cartilage.  This 
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joint  has  a  loose  synovial  membrane  and  ligaments,  so  that  the 
arytenoid  cartilages  admit  of  being  approximated  or  separated,  a 
freedom  of  motion  which  is  essential  to  the  dilatation  and  contrac- 
tion of  the  glottis  or  chink  between  the  true  vocal  cords  through 
which  the  air  enters  the  trachsea. 

At  the  base  of  each  arytenoid  cartilage  observe  the  anteHor 
tubercle  to  which  the  true  vocal  cord  is  attached,  and  the  posterior 
tubercle,  which  gives  insertion  to  two  muscles,  namely,  the  crico- 
arytenoideus  lateralis  and  the  crico-arytenoideus  posticus:  more 
especially,  notice  that  these  muscles  are  inserted,  not  into  the  same  • 
side,  but  into  opposite  sides  of  the  tubercle ;  the  effect  of  which  is 
that  they  antagonise  each  other. 

Each  arytenoid  cartilage  has  three  surfaces  —  a  posterior,  an 
anterior  or  external,  and  an  internal.  The  posterior  surface  is 
excavated  for  the  attachment  of  the  arytenoideus  muscle  (fig.  3), 
which  crosses  from  one  cartilage  to  the  other,  and  fills  up  the  gap 
between  them.  The  anterior  surface  is  also  excavated,  and  com- 
pletely occupied  by  the  insertions  of  the  crico-arytenoideus  lateralis 
and  the  thyi-o-arytenoideus  muscles.  The  internal  surface  is  flat, 
looks  towards  its  fellow  of  the  opposite  side,  and  contributes  to 
form  part  of  the  margin  of  the  glottis. 

Vocal  coKDs,  true      The  vocal  cords  are  four  elastic  ligaments,  two 
and  false.  each  side,  extending  horizontally  backwards 

from  the  angle  of  the  thyroid  cartilage  to  the  anterior  part  of  the 
arytenoid.    The  two  lower  are  by  far  the  most  important,  and  are 
termed  the  "true"  vocal  cords,  because,  by  their  vibration,  they 
produce  the  voice :  the  two  tapper  cords  are  called  "  false,"  because 
they  have  little  or  nothing  to  do  with  the  voice.    The  precise 
attachments  of  these  cords  are  best  seen  in  the  dried  laiynx,  in 
which  all  the  surroimding  soft  parts  have  been  removed,  as  shown 
in  Plate  XLVIII.  a,  fig.  2.    You  observe  that  the  true  vocal  cords 
are  attached  in  front  close  together  to  the  angle  of  the  thyroid 
cartilage,  about  a  quarter  of  an  inch  from  its  lower  edge,  and  that 
they  diverge  as  they  pass  backwards  to  be  attached  to  the  anterior 
tubercle  of  the  base  of  the  arytenoid.    The  false  cords  also  proceed 
from  the  angle  of  the  thyroid  a  little  higher  than  the  true,  to  about 
the,  middle  of  the  front  part  of  the  arytenoid.    We  must  not  sup- 
pose that  in  the  recent  larynx  these  cords  are  free  all  round,  like 
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the  strings  of  a  violin ;  they  are  only  free  along  the  sides  which 
face  each  other ;  everywhere  else  the  true  cords  are  in  contact  ynth. 
muscle,  and  the  false  with  fat  and  cellular  tissue. 

What  is  the  length  of  the  true  vocal  cords  ?  During  life,  their 
length  is  continually  varying,  to  a  slight  degree,  with  the  pitch  of 
the  voice ;  but,  in  the  dead  subject,  we  may  say  that  they  are  about 
five-eighths  of  an  inch  in  the  adult  male.  In  the  several  male 
larynges  which  I  have  before  me,  the  cords  differ  more  or  less  from 
each  other  in  point  of  length,  though  not  more  than  one  twelfth  of 
an  inch.  These  individual  differences  in  the  length  of  the  cords 
make  corresponding  variations  in  the  natural  tone  of  the  voice : 
e.g.  tenor,  barytone,  or  bass.  A  deep  voice  coincides  vpith  the 
longer  cords,  and  a  shrill  voice  with  the  shorter.  In  the  female 
the  cords  are  about  one  fourth  shorter  than  in  the  male.  In  boys, 
too,  they  are  much  shorter  than  in  the  adult ;  hence  the  peculiar 
voice  of  boys.  At  the  age  of  puberty  the  cords  lengthen  with  the 
development  of  the  larynx,  and  the  voice  is  said  to  break. 

Ventricles  of  In  the  perfect  larynx  there  is  a  little  recess  on 
the  larynx.  g^^^j^  gj^^  between  the  true  and  the  false  vocal 

cords,  like  a  little  side  pocket.  These  recesses  are  called  the 
"ventricles"  of  the  larynx,  and  are  best  examined  by  cutting 
open  the  larynx.  Their  shape,  depth,  and  situation  is  repre- 
sented in -the  outline,  fig.  47,  (on  the  other  side  of  this  leaf)  taken 
from  a  transverse  perpendicular  section  of  the  larynx.  Their  use 
appears  to  be.  to  allow  free  space  for  the  vibration  of  the  vocal 
cords,  and  probably  to  strengthen  the  voice.  They  are  lined  by 
the  mucous  membrane  of  the  larynx,  and  the  bottom  of  each  is 
supported  by  the  thyro-arytenoideus  muscle.  The  length  of  the 
ventricles  from  before  backwards  corresponds  with  the  length  of 
the  vocal  cords.  Their  greatest  vertical  depth  is  towards  the  front, 
which  is  the  part  represented  in  the  section. 

The  ventricles  of  the  larynx  are  quite  large  enough  to  lodge  a 
foreign  body,  such  as  a  pea;  and  when  an  accident  of  this  kind 
takes  place,  there  is  no  rest  for  the  patient  until  he  dies,  or  the 
foreign  substance  is  got  rid  of.  A  pill  forced  down  a  child's  throat 
against  its  will  has  been  known  to  catch  in  one  of  the  ventricles, 
and  occasion  death,  after  a  few  struggles,  from  spasm  of  the  glottis. 
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EiMA  GLOXTIDI8.      TliB  tei'm  "  rima  glottidis "  or  "  glottis "  is  ap- 
plied to  the  interval  or  chink  between  the  true  vocal 


Fia.  47. 


Epiglottis 


Thyroid  cartilage 

False  vocal  cords 

Ventricle  

True  vocal  cords . 

Thyro-ary  ten  oideus 


Cricoid  cartilage , 
Traclijea   , 


Rima  glottidis. 


Fig.  48. 


Section  showing  the  ventricles 
of  the  larynx. 

cords  through  which  the  air  passes  into  and  out  of  the  trachsea.  It  is 
about  one  inch  in  length.  Its  boundaries  (fig.  48)  are  formed  by  the 
vocal  cords  and  by  the  arytenoid  cartilages.  The  vocal  cords  form 
about  the  anterior  two  thirds,  the  cartilages  about  the  posterior  third 

of  the  opening.  The  glottis 
admits  of  being  made  wider,  or 
narrower,  or  may  even  be  her- 
metically closed  by  the  action  of 
muscles  which  we  shall  examine 
presently.  In  a  state  of  rest,  it 
Arytenoid  cartilage,  jg  triangular  in  shape  ;  the  apex 
Elastic  ligament.  being  in  front  at  the  thjToid 
cartilage,  and  the  base  at  the 
cricoid  between  the  arytenoid,  as 
shown  in  fig.  48,  where  the  ary- 


Thyroid  cartilage. 
True  vocal  cord. 


Shape  of  the  glottis  when 
at  rest. 
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tenoid  are  cut  through  ou  a  level  with  the  vocal  cords.  But  when 
the  glottis  is  dilated,  which  it  is  during  every  inspiration  by  the 
crico-arytenoidei  postici,  it  then  becomes  spear-shaped  as  seen  in 
fig.  50.  During  expiration  the  glottis  gi-adually  resumes  its  tri- 
angular shape  or  state  of  rest ;  and  this  return  to  a  state  of  repose 
is  effected  not  by  muscle,  observe,  but  by  an  elastic  ligament  shown 
in  fig.  50,  which  draws  the  arytenoid  cartilages  towards  the  mesial 
line.  "We  cannot  but  admire  this  beautiful  provision,  The  glottis, 
like  the  chest,  is  dilated  during  inspiration  by  muscular  tissue; 
like  the  chest,  also,  it  is  contracted  during  expiration  by  elastic 
tissue. 

Muscles  of  the  There  are  nine  muscles  to  act  specially  upon  the 
laiynx.  rimsi  glottidis — four  on  each  side,  and  one  in  the 

middle.  The  four  on  each  side  are  the  crico-thyroidei,  the  crico- 
arytenoidei  postici,  the  crico-arytenoidei  laterales,  and  the  thyro- 
arytenoidei.  The  single  one  in  the  middle  is  the  arytenoideus. 
These  we  must  now  separately  examine. 

Cmco-THTEoiD  Each  crico-thyroid  is  a  short  and  strong  muscle, 
muscles.  ^  arises  from  the  side  of  the  cricoid  cartilage,  and 

is  inserted  into  the  lower  border  of  the  thyroid,  including  the  lesser 
cornu.  Its  action  is  to  stretch  the  vocal  cords.  It  does  this  by 
depressing  the  thyroid  cartilage.  But  the  thyroid  cannot  be 
depressed  without  increasing  the  distance  between  the  attachments 
of  the  vocal  cords,  as  shown  by  the  dotted  line  in  the  cut,  fig.  49. 

Fig.  49. 


232 


11113  LARYNX. 


Consequently  the  crico-thyroid  muscles,  when  in  action  must 
elongate  the  vocal  cords.. 

Crico-aryte-  Each  crico-arytenoideus  posticus  arises  from  the 
NoiDEi  rosTici.  posterior  part  of  the  cricoid  cartilage,  and  is  inserted 
into  the  posterior  tubercle  of  the  arytenoid.  The  muscle  is  seen  in 
action  denoted  by  a  wavy  line  in  fig.  50.   Its  action  is  to  dUate  the 

Fig.  50. 


Vocal  cord  

Thyroid  cartilage 
Cricoid  cartilage.., 


Arytenoid  cartilage. . 

Elastic  ligament  (cri- 
co-arytenoid). 


Thyro-arytenoi- 
deus. 


Crico-arytenoideu? 
lateralis. 

Ideal  pivot. 


Crico-arytenoideus 
posticus. 


Glottis  dilated.   Muscles  dilating  it 
represented  wavy. 

glottis.  It  does  this  by  drawing  the  jpostenor  tubercle  of  the 
arytenoid  towards  the  mesial  line,  and  therefore  the  anterior 
tubercle  from  the  mesial  line.  In  this  movement  the  arytenoid 
cartilage  rotates  upon  the  cricoid  as  it  were  upon  a  pivot.  More- 
over, the  arytenoid  cartilage  is  a  lever  of  the  first  order ;  the  fulcrum 
or  ideal  pivot  being  intermediate  between  the  power  at  the  posterior 
tubercle  and  the  weight  or  resistance  at  the  anterior.  The  muscle 
in  question  is  a  most  important  one.  It  is  a  muscle  of  inspiration. 
It  dilates  the  glottis  every  time  we  inspire.  During  expiration, 
when  the  glottis  is  restored  to  its  state  of  rest,  not  by  muscular 
action,  but  by  an  elastic  ligament  which  we  call  the  "  crico-aryte- 
noid, "  marked  in  fig.  50,  the  muscle  relaxes,  and  has  time  to 
rest.  This  alternate  contraction  and  relaxation  of  the  crico-arjrte- 
noidei  postici  is  perpetually  going  on  from  the  first  moment  of  life 
till  the  last. 

Crico-akttenoi-  Each  crico-arytenoideus  lateralis  arises  from  the 
DETJ8  LATERALIS,    xippcr  border  of  the  cricoid  cartilage  and  is  inserted 
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into  the  posterior  tubercle  of  the  ar3rtenoid.  Its  action  is  to  assist 
in  closing  the  glottis  as  seen  in  the  cut,  fig.  51.    It  does  this  by 


Fio.  51. 


Vocal  cord 


Arytenoid  cartilage. 
Elastic  ligament  


Thyro-arytenoi- 
deus. 


Crico-arytenoidcus 
lateralis. 


Crico-arytenoideus 
posticus. 

Glottis  closed.    Muscles  closing  it 
represented  wary. 

rotating  the  arytenoid  cartilage  in  a  way  directly  the  reverse  of 
the  muscle  last  examined. 

■  Ahttbnoideits.      The  arytenoideus  muscle  arises  from  the  back  of 
one  arytenoid  cartilage,  and  is  inserted  into  the 
back  of  the  other.   Plate  XLVIII.  fig.  3.    Its  action  obviously  is  to 
clasp  the  two  cartilages  together,  and  therefore  to  assist  very  mate- 
rially in  closing  the  glottis. 
Thtko-aeyte-       Each  of  these  muscles  arises  from  the  ano-le  of  the 

NOIDEI.  i-U         •  1         T   •     .  ,     ,  .  ° 

thyroid  and  is  inserted  into  the  front  surface  of  the 
base  of  the  arytenoid.  Their  action  is  to  relax  the  vocal  cords, 
since  they  tend  to  draw  together  the  cartilages  to  which  they  are 
attached.  More  than  this,  they  assist  in  narrowing  the  glottis. 
But  their  special  action  appears  to  be  that  of  bringing  the  lips  of 
the  glottis  parallel  to  each  other;  that  of  placing  them  in  fact  in 
the  "vocalising"  position.  The  glottis  must  be  made  not  only  a 
very  narrow  chink,  but  its  lips  must  be  brought  parallel  to  each 
other,  before  they  can  be  made  to  vibrate  by  the  stream  of  the  air, 
in  such  a  manner  as  to  produce  voice  or  song. 

We  subjoin  a  tabular  arrangement  of  the^action  of  the  muscles 
of  the  larynx. 
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Autaronists  f   stretch  the  vocal  cords  "1  govern  the  pitch  of 

*^         L  Thyro-aiytenoidei   relax  the  vocal  cords  J    the  notes. 

f  Crico-arytenoidci  postici  open  the  glottis  ...T  , 

J  Crico-arytenoideilatcralcs  \  ,      „     ,  U^T?  *  ? 

Antagonists ^^^.y^^j^y^^^j^g   j  close  the  glottis  ...  j    oi  tiie  glottis. 

^  The  epiglottis  is  an  elastic  fibro-cartilage  situated 

Epigloxtis.  .  . 

at  the  base  of  the  tongue,  and  projecting  over  the 

upper  part  of  the  lar3rax  like  the  flap  of  a  valve.  In  shape  it 
somewhat  resembles  the  leaf  of  an  artichoke.  Its  apex  is  attached 
to  the  angle  of  the  thyroid  cartilage.  Its  ordinary  position  is  per- 
pendicular. Of  nearly  so,  leaving  the  glottis  free  for  respiration; 
but  during  deglutition  the  larynx  is  raised,  and  the  tongue  is  de- 
pressed, so  that  the  epiglottis  becomes  horizontal,  drops  like  a 
valve  over  the  top  of  the  larynx,  and  tends  to  prevent  the  entrance 
of  food  into  it.  This  falling  of  the  epiglottis  is  not  produced  by 
any  special  muscle ;  it  is  simply  mechanical. 


THE  ANATOMY  OF  THE  EAR. 

In  describing  the  anatomy  of  this  intricate  and  delicate  organ, 
we  propose  to  give  first  a  general  outline  of  its  structure,  and 
afterwards  to  go  into  the  details  of  its  several  parts. 
General  idea  of  ■  In  order  to  communicate  a  general  idea  of  the 
the  subject.  organ  of  hearing,  we  have  made  the  diagram,  fig.  1, 
Plate  XLVIII.  A.  Eeferring  to  this  diagram,  we  recognise  the  fibro- 
cartilage  termed  the  "pinna"  of  the  ear,  which  collects  the 
sonorous  undulations  of  the  air,  and  transmits  them  down  the  pas- 
sage called  the  "  meatus  auditorius  externus."  This  passage,  which 
is  about  one  inch  long,  a  little  contracted  in  the  middle,  and 
slightly  curved,  with  the  concavity  downwards,  is  closed  at  the 
bottom  by  a  fibrous  membrane  (membrana  tympani),  fixed  in  a 
groove  in  the  bone,  placed  obliquely,  and  stretched,  in  all  respects, 
like  the  parchment  of  a  drum,  except  that  its  outer  surface  is  a 
little  concave.  On  the  other  side  of  this  membrane  is  a  small 
chamber  in  the  substance  of  the  temporal  bone,  termed  the  "tym- 
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panum,"  or  middle  ear.  This  chamber  is  filled  with  air,  which  is  ad- 
mitted through  a  tube  (Eustachian  tube)  about  an  inch  and  a  half 
long,  leading  from  the  back  part  of  the  nostrils  into  the  front  part 
of  the  tympanum.  Thus,  there  is  an  equihbrium  of  air  on  both  sides 
the  membrana  tympani.  The  Eustachian  tube  probably  performs 
the  same  office  for  the  ear  as  the  hole  which  is  made  in  the  side  of 
a  drum  for  the  necessary  purpose  of  opening  a  communication  with 
the  external  air.  Opposite  to  the  Eustachian  tube,  that  is,  at  the 
back  part  of  the  tympanum,  are  the  irregular  openings  of  the  mastoid 
cells,  which  also  contain  air.  All  these  air  cavities  are  lined  by  a 
continuation  of  the  same  mucous  membrane  which  lines  the  passages 
of  the  nose.  This  explains  the  degree  of  deafness  which  is  often 
produced  by  a  common  cold,  or  other  disease  of  the  throat,  the 
Eustachian  tube  being  temporarily  obstructed  by  the  swelling  of 
its  lining  membrane. 

In  the  tympanum  itself  we  find  four  little  bones,  called  by 
names  more  descriptive  of  their  shape  than  their  office — "  malleus," 
"  incus,"  "  OS  orbiculare,"  and  "  stapes."  These  bones  are  connected 
by  perfect  joints,  so  as  to  form  a  continuous  chain,  surrounded  by 
atmospheric  air,  across  the  cavity  of  the  tympanum,  and  the  mucous 
membrane  is  reflected  over  them.  The  handle  of  the  malleus  at 
one  end  of  the  chain  is  attached  to  the  membrana  tympani,  and 
the  foot-plate  of  the  stapes  at  the  other  end  is  attached  to  the 
membrane  closing  the  "  foramen  ovale,"  an  opening  on  the  inner 
wall  of  the  tympanum  leading  to  the  vestibule  of  the  internal  ear. 
Both  ends  of  the  bony  chain,  observe,  are  attached  to  membranes. 
Moreover,  little  muscles  (laxator  tympani,  tensor  tjnnpani,  and 
stapedius)  are  attached  to  the  bones,  in  order  to  slacken  or  tighten 
the  membranes.  Besides  the  foramen  ovale,  there  is  another  opening 
in  the  inner  wall  of  the  tympanum,  called  the  "foramen  rotundum." 
It  leads  into  the  cochlea,  and  is  also  closed  by  membrane.  So 
much  for  the  tympanum. 

The  internal  ear,  often  called,  on  account  of  its  intricacy,  the 
"  labyrinth,"  consists  of  the  vestibule,  the  three  semicircular  canals, 
and  the  cochlea.  All  these  parts  are  imbedded  in  the  petrous 
portion  of  the  temporal  bone,  like  passages  cut  out  of  a  solid  rock. 
Hence  the  great  difficulty  of  exploring  them.    Bear  in  mind  their 
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relative  position.  The  vestibule  is  in  the  middle,  the  canals  are 
behind,  and  the  cochlea  is  in  front.  This  little  chamber  is  very 
properly  called  the  vestibule,  because  it  communicates  with  all  the 
other  parts.  You  notice  that  it  communicates,  behind,  with  the 
five  openings  of  the  semicircular  canals,  in  front,  with  the  cochlea, 
on  the  outer  side  with  the  tympanum  through  the  foramen  ovale 
(occupied  by  the  stapes),  and  on  the  inner  side  with  the  meatus 
auditorius  internus,  through  which  the  auditory  nerve  enters  the 
ear. 

The  cochlea  is  an  exceedingly  curious  structure,  in  its  outward 
form  very  like  a  snail's  shell.  It  is  placed  so  that  the  base  of  the 
shell  corresponds  to  the  bottom  of  the  meatus  auditorius  internus, 
while  the  apex  points  forwards  and  outwards  towards  the  Eusta- 
chian tube.  It  is  formed  by  the  spiral  convolutions  of  two 
gradually  tapering  tubes,  or  rather,  by  one  tube  separated  into 
two  compartments  by  a  longitudinal  septum  (lamina  spiralis), 
composed  partly  of  thin  bone,  but  chiefly  of  membrane  (in  the 
diagram  the  course  of  the  septum  is  indicated  by  a  dotted  outline). 
This  septum  is  the  most  important  part  of  the  cochlea,  because  the 
auditory  nerve  expands  upon  it.  It  runs  all  through  the  tube 
except  at  the  apex,  where  it  suddenly  terminates  in  a  curved  hook, 
and  leaves  an  aperture  (helicotrema),  so  that  the  two  portions 
of  the  tube  may  communicate.  One  portion  of  the  tube  (scala 
vestibtili)  opens  into  the  vestibule ;  the  other  portion  (scala  tym- 
pani)  leads  into  the  tympanum  through  the  foramen  rotundum. 
This  foramen,  observe,  is  open  only  in  the  dry  bone ;  in  the  recent 
state  it  is  closed  by  a  membrane  (membrana  tympani  secundaria), 
which  therefore  has  the  air  of  the  tympanum  on  the  one  side  and 
the  water  of  the  cochlea  on  the  other.  The  central  pillar  of  the 
cochlea,  round  which  the  tube  makes  about  three  turns,  is  called 
the  "  modiolus  "  or  "  axis." 

The  semi-circular  canals  are  three  in  number,  and  called,  from 
their  position,  superior,  posterior,  and  external.  They  are  placed, 
we  know  not  why,  in  planes  at  right  angles  to  each  other  like  the 
faces  of  a  cube.  Each  canal  forms  the  greater  part  of  a  circle,  and 
opens  at  each  end  into  the  vestibule.  There  should  therefore  be 
six  openings ;  but  there  are  only  five,  since  two  of  the  canals  have 
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an  opening  in  common.  Each  canal  has  a  dilatation  at  one  end, 
termed  the  "  ampulla,"  and  the  reason  of  this  is  to  make  room  for 
a  con-esponding  dilatation  of  the  membranous  canal  within  it  upon 
which  the  auditory  nerve  expands.  The  ampulla,  therefore,  is  the 
most  important  part  of  each  canal. 

Next  comes  the  question,  what  is  the  purpose  of  all  these  curious 
and  elaborate  excavations  in  the  petrous  bone?  The  answer  is, 
to  form  receptacles  of  water  in  which  may  float  the  delicate  mem- 
brane destined  to  receive  the  terminal  filaments  of  the  auditory 
nerve.  This  membrane,  as  may  be  well  conceived,  is  the  very 
essence  of  the  organ  of  hearing.  It  is  to  the  ear  what  the  retina 
is  to  the  eye.  Its  arrangement  is  at  once  simple  and  interesting. 
In  the  vestibule  and  semi-circular  canals  it  forms  a  continuous  but 
closed  sac,  which  copies  pretty  accurately  the  shape  of  these  ca- 
vities, without  being  in  contact  with  their  bony  walls.  The  sac, 
with  its  tubular  prolongations  into  the  canals,  is  termed  the 
"membranous  labyrinth."  It  is  bathed  within  and  without  by 
fluid.  The  fluid  within  is  called  the  "  endo-lymph,"  that  without, 
the  "peri-lymph."  In  the  cochlea  there  is  also  a  membrane,  but 
quite  dififerently  arranged.  Here  it  forms  the  larger  part  of  the 
"lamina  spiralis,"  which  divides  the  tube  into  its  two  compart- 
ments. Though  not  a  closed  sac,  stUl  this  membrane  in  the 
cochlea  answers  a  similar  purpose  to  that  in  the  vestibule;  namely, 
it  provides  a  stratum  of  membrane  immersed  in  fluid  for  the  recep- 
tion of  the  auditory  nerve. 

The  auditory  nerve  enters  the  ear  through  the  meatus  auditorius 
internus.  At  the  bottom  of  this  passage  are  a  multitude  of  small 
pores,  which  transmit  the  minute  subdivisions  of  the  nerve  to  their 
respective  destinations.  Some  are  distributed  upon  the  sac  in  the 
vestibule,  some  upon  the  dilatations  (ampuUse)  of  the  membranous 
semi-circular  canals;  others  run  down  the  axis  of  the  cochlea  aad 
spread  out  upon  the  membranous  part  of  its  lamina  spiralis. 

Now  for  the  explanation,  usually  received,  of  the  function  of 
these  several  parts.  The  waves  of  sound,  collected  by  the  cartilao-e 
of  the  ear,  pass  down  the  external  auditory  passage,  strike  upon 
the  membrana  tympani,  aad  cause  it  to  vibrate.  These  vibrations 
are  carried  by  the  little  bones  across  the  tympanum  to  the 
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membrane  whicli  closes  the  foramen  ovale,  or  opening  into  the 
vestibule.  This  membrane,  thus  thrown  into  vibration,  commu- 
nicates motion  to  the  water  in  the  labyrinth ;  the  filamenjts  of  the 
auditory  nerve  receive  the  impression  and  transmit  the  sensation 
of  sound  to  the  brain.  The  vibrations  of  the  membrana  tympani 
no  doubt  excite  corresponding  vibrations  in  the  air  within  the 
cavity  of  the  tympanum,  which  again  communicates  them  to  the 
membrane  closing  the  foramen  rotundum,  and  through  this  they 
reach  the  cochlea.  Here  we  have  a  ready  explanation  of  the  use 
of  the  foramen  rotundum  and  the  membrane  closing  it :  that  is, 
we  have,  interposed  between  air  and  water,  a  tense  membrane,  which 
is  the  very  best  medium  for  transmitting,  with  increased  intensity, 
vibrations  from  one  to  the  other. 

Having  thus  given  a  comprehensive  sketch  of  the  anatomy  of 
the  ear,  we  proceed  now  to  a  more  minute  description  of  its  com- 
ponent parts.  ■  It  is,  of  course,  taken  for  granted  that  the  learner  is 
already  familiar  with  the  anatomy  of  the  temporal  bone  described 
at  page  64. 

Meatus  audi-  This  passage  leads  to  the  membrana  tympani. 
TORitJs  EXTEKiros.  jtg  Qutcr  third  is  formed  by  a  tubular  continuation 
of  the  cartilage  of  the  ear  ;  its  inner  two  tjiirds  by  the  osseous  canal 
in  the  temporal  bone.  The  cartilaginous  part  is  united  by  fibrous 
membrane  to  the  rough  margin  of  the  processus  auditorius.  The 
cartilage,  however,  does  not  form  a  complete  tube  of  itself;  there 
is  a  slight  deficiency  at  the  upper  part,  completed  by  fibrous  mem- 
brane. There  are  also  one  or  two  vertical  fissures  in  the  cartilage. 
The  object  of  those  breaks  in  the  cartilage  is  to  give  greater 
freedom  of  motion  ;  but  they  are  interesting  practically,  as  explain- 
ing why  collections  of  matter  in  the  neighbourhood  of  the  ear 
sometimes  make  their  way  into  the  meatus  auditorius. 

The  length  of  the  meatus,  measured  from  the  middle  of  its 
external  orifice  to  the  middle  of  the  membrana  tympani,  is  about 
one  inch  and  two  or  three  lines.  The  anterior  wall  is  about  one 
fourth  of  an  inoji  longer  than  the  posterior,  in  consequence  of 
the  oblique  direction  of  the  membrana  tympani. 

The  direction  of  the  meatus  is  inwards  and  forwards.    It  de- 
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scribes  a  slight  curve  with  the  concavity  downwards.  Besides  this 
general  ciu-ve,  the  cartilaginous  part  is  slightly  curved  with  the 
concavity  forwards,  and  the  osseous  part  with  the  concavity  back- 
wards. Altogetherj  the  meatus  has  such  a  curious  shape  that  it 
cannot  be  well  understood  without  looking  at  a  cast  of  it.  Of 
many  which  I  have  before  me,  no  two  are  precisely  similar  in 
shape.  Every  surgeon  knows  how  difficult  it  is  to  see  the  whole 
of  the  membrane  of  the  tympanum  at  one  view :  one  can  seldom 
see  more  than  a  part  of  it,  however  much  the  ear  be  dilated  and 
pulled  so  as  to  straighten  the  outer  curve.  The  narrowest  part  of 
the  meatus  is  about  the  middle.  Beyond  this  point  we  ought  not 
to  introduce  the  speculum. 

Insects  sometimes  find  their  way  down  the  meatus  and  cause 
intense  pain.  I  will  adduce  an  instance  related  by  Wilde*,  if  only 
to  show  how  to  dislodge  them :  "  I  remember  being  out  shooting 
with  a  friend,  who,  suddenly  exclaiming  'Oh,  an  earwig!'  and 
throwing  aside  his  gun,  fell  on  the  groimd,  making  the  most 
piteous  groans,  and  rolling  about  in  agony.  Suspecting  that  some 
insect  had  got  into  his  ear,  I  procured  some  water  from  a  ditch, 
and  poured  it  into  the  meatus.  While  watching  the  result,  a 
little  animal,  well  known  among  anglers  as  the  havrthorn  fly,  crept 
out,  and  my  friend  was  instantly  relieved." 

Membrana  The  membrana  tympani  is  a  thin,  semi-trans- 

TTMPANi.  parent,  fibrous  membrane,  of  a  greyish  colour, 

placed  very  obliquely  at  the  bottom  of  the  meatus  auditorius 
externus.  Its  direction  is  downwards,  forwards,  and  inwards.  The 
reason  of  this  obHquity  would  seem  to  be  to  increase  the  extent  of 
its  surface ;  so  that  every  wave  of  sound  reflected  down  the  meatus 
must  fall  upon  it.  Observation  has  shown  that  the  perfection  of 
the  sense  of  hearing  in  mammals  and  birds  bears  a  direct  ratio  to 
the  obliquity  and  extent  of  this  membrane.  Its  circumference, 
which  is  pretty  nearly  circular,  is  fixed  into  a  groove. in  the  bone 
so  fine  that  it  might  have  been  traced  with  the  point  of  a  needle 
(Plate  XLVm.  A,  fig.  2).  This  groove,  however,  does  not  form- a 
complete  circle  :  it  is  deficient  at  the  upper  part,  where  the  mem- 
brana tympani  is,  more  obviously  than  elsewhere,  continuous  with 

*  Aural  Surgery,  p.  178. 
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the  skin  lining  the  meatus.  Those  who  are  famiUar  with  the 
development  of  the  temporal  bone  will  remember  that  the  bony 
ring  for  the  tympanum  (tympanic  ring)  is  an  independent  element 
of  the  bone,  produced  from  a  separate  point  of  ossification,  and  that 
it  remains  for  some  time  distinct  in  the  fcetus.  From  this  ring 
the  meatus  auditorius  grows  externally,  and  a  portion  of  the  floor 
of  the  tympanum  internally. 

The  membrana  tympani  is  not  quite  flat  like  the  parchment 
of  a  drum,  but  slightly  conical  with  the  apex  towards  the  tympa- 
num. This  shape  seems  given  to  it  by  the  handle  of  the  malleus, 
which  draws  the  membrane  a  little  inwards.  The  handle  of  this 
bone  can  be  seen  through  the  membrane  in  the  living  subject,  like 
a  thin  white  streak,  which  is  not  quite  vertical,  but  inclines  slightly 
backwards. 

I  have  many  times  found  a  hole  in  the  membrane,  and  in  cases 
where  there  has  been,  during  life,  no  defect  of  hearing.  This  suffi- 
ciently explains  why  some  persons  can  blow  the  smoke  of  tobacco 
through  the  ear  as  well  as  through  the  nose. 

Thin  as  it  is,  the  membrana  tympani  is  very  strong.  It  has 
three  strata :  an  outer  stratum,  of  cuticle :  a  middle,  fibrous,  upon 
which  the  strength  of  its  texture  chiefly  depends  ;  and  an  internal, 
mucous.  The  middle  stratum  is  composed  of  fibres,  radiating  and 
circular,  but  no  longer  considered  muscular.  It  is  this  coat  which 
is  fixed  into  the  bony  groove,  and  contains  in  its  very  substance 
the  handle  of  the  malleus.  The  dermal  stratum  is  composed 
almost  entirely  of  cuticle,  continuous  with  that  lining  the  meatus 
auditorius.  The  mucous  lining  is  continuous  with  the  lining  of 
the  tympanum.  The  membrane  is  well  supplied  with  blood  by 
arteries  derived  from  the  stylo-mastoid  and  the  internal  maxillary. 

Ttmpantoi  or  We  need  not  repeat  what  has  been  said  abeady 
middle  ear.  about  the  tympanum,  but  pass  on  to  examine 

what  is  to  be  seen  on  its  several  aspects.  We  describe,  therefore, 
its  external  aspect,  its  internal,  its  anterior  and  posterior,  its  su- 
perior and  its  inferior. 

K^ternal  aspect.  On  the  outer  aspect  of  the  tympanum  there  is 
the  bottom  of  the  meatus  auditorius,  closed  by  the 
membrana  tympani. 
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Internal  aspect.      On  the  inner  aspect  of  the  tympanum  (Plate 
XLVIIL  A,  %.2)  we  see,— 1.  The  "foramen  ovale" 
leading  to  the  vestibule :  this  is  open  in  the  dry  bone,  but  closed  in 
the  recent  state  by  a  membrane  to  which  is  attached  the  base  of 
the  stapes.    2.  The  foramen  rottmdum:  this  in  the  recent  state 
is  also  closed  by  membrane  (membrana  tympani  secundaria),  in  the 
dry  bone  it  leads  to  the  tympanic  scale  of  the  cochlea.*    3.  The 
promontory:  this  is  nothing  more  than  the  bulging  of  the  first 
turn  of  the  cochlea ;  its  surface  is  marked  by  grooves  for  the  rami- 
fications of  Jacobson's  nerve. 
Anterior  aspect.      On  the  anterior  aspect  of  the  tympanum  we  li^e, 
1.  The  bony  canal  for  the  tensor  tympanif  (in  the 
drawing,  this  canal  is  cnt  open).    2.  The  Eustachian  tube.    3.  The 
orifice  of  the  glenoid  fissure  which  transmits  the  laxator  tympani 
and  the  corda  tympani.  nerve.  J 
Posterior  aspect.      On  the  posterior  aspect  of  the  tympanum,  we 
have,  —  1.  The  opening  into  the  mastoid  cells. 

2.  The  pyramid — a  small  projection  containing  a  minute  canal, 
about  the  size  of  a  bristle,  for  the  lodgment  of  the  stapedius  muscle.  § 
The  pyramid  is  always  supported  by  a  minute  bony  column,  which 
extends  like  a  flying  buttress  from  its  apex  to  the  promontory. 

3.  The  foramen  cordse.  This  minute  foramen  is  a  little  below  the 
level  of  the  pyramid,  and  close  to  the  groove  for  the  attachment  of 
the  membrana  tympani.  Introduce  a  bristle  into  it,  and  you  will 
find  that  it  leads  into  the  aqueductus  Fallopii.  It  transmits  the 
corda  tympani  nerve.  Now  this  nerve  is  a  branch  of  the  facial 
(which,  remember,  is  contained  in  the  aqueductus  Fallopii:  see 
Plate  XLVIIL  C,  fig.  4).    It  comes  up  through  the  foramen  cordis, 

*  Strictly  speaking,  the  foramen  rotunclum,  in  the  dry  bone,  leads  into  the  vestibule 
as  well  as  into  the  cochlea. 

t  Just  before  its  termination  in  front  of  the  foramen  ovale,  the  bony  canal  of  tho 
tensor  tympani  makes  a  sudden  curve  outwards  in  order  to  form  a  little  pulley  for 
the  tendon  of  the  muscle  within.  In  most  bones,  this  part  of  the  canal  is  broken,  and 
has  the  appearance  of  a  little  spoon  -  undo  nomen,  "  processus  cochleariformis  " 

.  '^^V'T»,°"l°^'''' ''''         ^^P'"^"^        ''"-""gl^  ^        '^''nal  of  its  own 

nd  hl  J  °"  =      '"^'^  °f  -  P™<=tical  moment' 

and  hardly  deserves  a  new  name.  ""joui,, 

§  At  the  base  of  the  pyramid  (but  within  it)  are  two  minute  canals  which  transmit 
tho  one  an  artery,  the  other  a  nerve,  to  the  stapedius.  transmit, 
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runs,  not  across  the  tympanum,  but  across  the  membrana  tympani, 
outside  the  mucous  membrane,  between  the  handle  of  the  malleus, 
and  the  long  process  of  the  incus ;  it  leaves  the  membrane  through 
the  glenoid  fissure  (or,  rather,  through  a  distinct  canal  of  its  own), 
and,  joining  the  gustatory,  eventually  goes  to  the  submaxillary 


ganglion. 


Superior  aspect.  On  the  superior  aspect  of  the  tympanum  is  a 
thin  plate  of  bone  which  separates  the  cavity  of 
the  tympanum  from  that  of  the  cranium.  This  is  an  important 
relation.  Ulceration  commencing  in  the  cavity  sometimes  destroys 
this  thin  plate  of  bone,  and  occasions  death  by  involving  the  dura 
mater  and  the  brain. 

Inferior  aspect.  The  inferior  aspect,  or  floor  of  the  tympanum,  is 
formed  by  the  jugular  fossa,  which  lodges  the  ju- 
gular vein.  A  little  in  front  of  this  fossa  is  the  canal  for  the  carotid 
artery,  which  is  separated  from  the  tympanum  only  by  a  thin  scale 
of  bone.  The  vicinity  of  these  great  vessels  explains  the  sudden 
and  profuse  hemorrhage  which  sometimes  (though,  happily,  rarely) 
occurs  from  the  ear  when  diseased.  Professor  Porter  saw  blood 
gush  from  the  ear  with  a  rapidity  suck  as  he  never  witnessed  in  a 
surgical  operation.*  Ulceration  had  extended  into  the  carotid 
artery. 

In  another  case  of  sudden  and  profuse  bleeding  from  the  ear, 
Mr.  Syme  tied  the  carotid  artery.f  The  patient  died.  Dissection 
discovered  that  the  blood  came  from  the  lateral  sinus,  near  the 
jugular  fossa,  the  thin  bony  septum  between  which  and  the  tym- 
pamim  had  been  destroyed  by  ulceration.  Looking  at  the  proximity 
of  these  large  vessels,  we  cannot  wonder  that  bleeding  from  the 
ear,  after  injury  to  the  head,  makes  one  suspect  the  existence  of  a 
fracture  through  the  tympanum. 

In  the  floor  of  the  tympanum  there  are  a  number  of  minute 
holes,  among  which  we  specially  note  one  as  the  upper  opening  of 
the  canal  for  Jacobson's  nerve.  The  lower  opening  of  the  canal  is, 
you  remember,  at  the  base  of  the  skull  on  the  little  crest  of  bone 

»  Graves's  Clinical  Medicine,  Vol.  I.  .     ,    -r.^-  ^   -xr  a 

+  Edinburgh  Monthly  Journal,  No.  HI.    A  case  is  recorded  m  the  Edinb  Med. 

and  Surg.  Journal,  No.  CXV.  p.  319,  in  whicli  Mr.  Syme  tied  the  carotid  for  hemor- 

rhage  from  the  ear.    The  patient  recovered. 
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which  separates  the  jugular  fossa  from  the  carotid  canal.  The 
nerve  in  question  is  a  branch  of  the  glosso-pharyngeal.  It  enters 
the  tjmipanum,  and  ramifies  upon  the  promontory,  forming  what  is 
called  the  tympanic  plexus.  It  supplies  the  mucous  membrane  of 
the  tympanum.  Its  principal  branches  (which  I  need  not  mention 
here)  are  generally  indicated  by  grooves  made  for  their  passage  on 
the  promontory.  In  a  preparation  where  there  appeared  to  be 
neither  groove  nor  nerve,  I  subsequently  found  the  nerve  lodged  in 
a  complete  bony  canal  within  the  promontory.  ' 

Aqueductus  We  must  not  leave  the  tympanum  without  no- 
rallopu,  ticing  the  aqueductus  Fallopii,  or  canal  for  the  fa- 

cial nerve  which  supplies  all  the  muscles  of  expression.  (Plate 
XLVni.  B,  fig.  1.)  Commencing  at  the  bottom  of  the  meatus 
auditorius  internus,  it  runs  for  a  short  distance  outwards,  then  turns 
horizontally  backwards  along  the  inner  wall  of  the  tympanum,  just 
above  the  foramen  ovale,  and  lastly,  descending  behind  the.  tym- 
panum, emerges  at  the  stylo-mastoid  foramen.  Its  course  suggests 
how  liable  the  nerve  is  to  be  injured  in  fracture  through  the  tem- 
poral bone,  or  in  disease  of  the  ear.  "V\Tiile  in  this  canal  the  nerve 
sends  off  three  important  branches,  all  to  ganglia.  These  I  have 
endeavoured  to  show  in  Plate  XL VIII.  C,  fig.  4.  The  first  branch, 
the  vidian,  runs  down  the  hiatus  Fallopii  to  the  sp)heno-palatine  gan- 
glion ;  the  second,  or  lesser  petrosal,  goes  to  the  otic  ganglion ;  the 
third,  or  corda  tympani,  runs  with  the  gustatory  nerve  to  the  sub- 
maxillary ganglion. 

To  assist  the  memory,  I  have  arranged  the  objects  seen  on  the 
inner  wall  of  the  tympanum  in  the  following  tabular  form : — 

Fig.  52. 

_  /—J — Aqueductus  Fallopii. 


'Mastoid  cells.  /  ,^^^^^^""'*     „     ,  - 

Pyramid  for  sta-  /  .'^J  O/^^       Canal  for  tensor  tympani. 
pcdius.  /  I  \       lOiistacliian  tube. 


O L Foramen  corda;.     /  4(1j1>^'^J'1'''  Glenoid  fissure. 


to -J 
.S  ^ 

(3  M 
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Vein.  Arteuy. 
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Little  bones  in  the  The  four  little  bones  in  the  tympanum  are 
Tympanum.  drawn,  larger  than  natural,  but  in  their  proper 
relative  position,  in  Plate  XL VIII.  B,  figs.  2,  3,  4,  and  5.  In  fig.  3, 
you  are  supposed  to  be  looking  at  them  from  the  meatus  auditorius ; 
in  fig.  2,  from  the  inside  of  the  tympanum.  The  dotted  line  in 
each  figure  is  intended  to  represent  the  outline  of  the  membrana 
tympani. 

Malleus.  The  malleus,  or  hammer,  presents  a  head,  neck,  and 
handle.  The  "  head  "  is  the  large  round  part  above 
the  membrana  tympani.  It  articulates  posteriorly  with  the  incus,  by 
means  of  a  concavo-convex  joint,  crusted  with  cartilage,  and  provided 
with  synovial  membrane.  The  "  neck "  is  the  narrow  part  which 
supports, the  head.  From  the  front  of  the  neck  springs  the  "long 
process  "  (processus  gracilis)  which  runs  down  the  glenoid  fissure, 
and  gives  insertion  to  the  "laxator  tympani."  It  is  generally 
broken  in  removing  the  bones  :  sometimes  it  is  only  ligamentous. 
The  handle  descends  nearly  perpendicularly  from  the  neck,  making 
with  it  an  obtuse  angle,  which  projects  externally,  and  presses 
against  the  tipper  part  of  the  membrana  tympani.  This  angle  is 
generally  described  as  the  "  short  process."  Below  it,  the  handle 
descends  obliquely  backwards,  and  ends  in  a  slightly  cm'ved  extre- 
mity (with  convexity  outwards),  a  little  below  the  centre  of  the 
membrane.  On  the  inner  side  of  the  handle,  and  below  the  pro- 
cessus gracilis,  is  inserted  the  tensor  tympani. 

Incus.  The  incus,  or  anvil,  lies  behind  the  malleus.    It  has 

a  body,  a  short,  and  a  long  process.  The  body  is  convex, 
placed  above  the  membrana  tympani,  and  has  a  concavo-convex  sur- 
face, which  articulates  with  the  head  of  the  malleus.  The  "short 
process  "  extends  horizontally  backwards  into  the  mastoid  cells,  and 
is  fixed  there  by  a  ligament.  The  "  long  process"  descends  nearly 
vertically,  parallel  to  the  handle  of  the  malleus,  and,  like  it,  is  a 
little .  convex  outwardly.  Its  apex  articulates  vrith  the  os  orbi- 
cular e  (fig.  5). 

Os  Orbiculake.        The  little  os  orbiculare  serves  to  connect  the 
incus  with  the  stapes.    It  is  generally  anchylosed 
to  the  one  or  the  other,  more  frequently  to  the  incus.  Hence 
many  anatomists  describe  it  as  a  mere  process  of  the  incus.  But 
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to  this  opinion  it  may  be  objected,  that  in  the  foetus  there  are 
two  distinct  little  joints,  each  provided  with  a  separate  synovial 
membrane,  one  for  the  incus,  the  other  for  the  stapes. 

Stapes.  The  stapes,  or  stirrup,  is  placed  horizontally,  with 

the  base  in  the  foramen  ovale.  It  has  a  head,  neck, 
two  branches,  and  a  base  or  foot  plate.    The  head  articulates  by  a 
concave  surface  with  the  orbicular  bone.  The  neck  gives  attachment 
behind  to  the  stapedius  (Plate  XLVIII.  C,  fig.  2).    The  anterior 
branch  is  generally  shorter  and  less  curved  than  the  posterior;  both 
are  grooved,  probably  for  lightness'  sake,  on  their  concave  sides,  and 
the  interval  is  closed  by  mucous  membrane.  The  «  base  "  is  attaclied 
to  the  membrane  closing  the  foramen  ovale,  and  is  similar  in  form. 
It  is  moreover  firmly  attached  to  the  margin  of  the  foramen  by  an 
elastic  annular  ligament,  which  allows  the  base  to  have  a  Httle 
motion. 

Of  the  four  bones,  the  stapes  is  the  most  essential  to  hearing 
Disease  may  destroy  the  others,  and  still  the  patient  may  hear  • 
but  when  the  stapes  falls  out,  the  fluid  in  the  vestibule  escapes,  and 
inevitable  deafness  results. 

All  the  bones  in  the  tympanum  are  ossified  at  birth.  More  than 
this,  they  are  well  developed  at  birth.  I  have  before  me  the 
tympamc  bones  of  an  infant  at  birth,  and  those  of  a  man  who  . 
seven  feet  high,  and  there  is  not  much  difference  between  them 
point  of  size. 

in  the  tympanum.  tympanum,    namely,   the  tensor 

YTVTTT  n  T.-  ^^'^^^^  ^y^Pm,  and  stapedius.  (Plate 

XLVIII.  C,  Figs.  1,  2.)   The  laxator  tympani  externus  is  doubtful 
Tensor  tjmpani.      The  "  tensor  tympani "  is  a  well  marked  muscle 

f      .1,  ^P"'^  P^t^^^^s  ^one,  and 

from  the  c^Jdage  of  the  Eustachian  Uibe,  and  is  inserted  into  the 
hand  e  of  the  malleus,  just,  below  the  processus  gracilis.  The 

he  Eustachian  tube;  and  when  its  tendon  reaches  the  e,d  of, the 
anal,  which  forms  a  kind  of  elbow,  it  is  reflected  at  a  right  aZl 
to  reach  its  insertion.    From  origin  to  insertion  the  muscTe^ 
enclosed  in  a  strong  fibrous  sheath.    The  tendon  slides  witi  the 


was 
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sheath,  and  has  a  synovial  membrane.    The  "  lax- 
Laxator  tympam.  ^^^^  tympani  "  arises  from  the  spine  of  the  sphenoid 
bone,  runs  up  the  glenoid  fissure  and  is  inserted  into  the  processus 
oracilis  of  the  malleus.    Like  the  last  it  is  surrounded  by  a  sheath. 

I  have  sometimes  failed  in  finding  this  muscle.  The 
Stapedius.  stapedius  "  arises  in  the  canal  of  the  pyramid.  Its 

little  tendon  coming  out  of  the  canal  at  the  apex,  is  reflected  out- 
wards and  inserted  into  the  posterior  part  of  the  neck  of  the  stapes. 
Anatomists  are  not  agreed  about  the  precise  use  of  the  stapedius. 
One  of  its  actions  would  appear  to  be,  to  tilt  the  stapes  backwards, 
and  thus  diminish  the  pressure  upon  the  fluid  in  the  vestibule. 

So  much  for  the  tympanum  and  it  contents.    Let  us  now  pass 
on  to  the  internal  ear  or  labyrinth,  comprising  the  vestibule,  semi- 
circular canals,  and  cochlea.    And  first  o^  the  vestibule,  which  we 
enter  through  the  foramen  ovale. 
Vestibule.         The  vestibule  is  of  an  oval  form  with  the  larger 
end  upwards,  and  the  long  diameter  nearly  vertical. 
In  a  well  formed  adult  temporal  bone  which  I  have  before  me,  it 
measures  about  -^^l  of  an  inch  in  the  long  diameter,  and  fg-  in  the 
short.  Posteriorly,  it  receives  the  five  openings  of  the  semicircular 
canals  and  the  opening  of  the  aqueductus  vestibuli;  anteriorly,  and  at 
its  lower  part,  is  the  opening  into  the  vestibular  scale  of  the  cochlea ; 
on  its  external  wall  is  the  foramen  ovale.    In  all,  then,  there  axe 
eight  openings  into  the  vestibule.  The  internal  wall  of  the  vestibule 
corresponds  with  a  part  of  the  bottom  of  the  meatus  auditorius 
internus.    Looking  attentively  at  this  inner  wall,  as  shown  in 
Plate  XLVIII.  D,  fig.  3,  we  observe  two  slight  depressions  sepa- 
rated by  a  bony  ridge :  the  upper  of  the  two,  is  for  the  utricle,  the 
lower  is  for  the  saccule.    Utricle  and  saccule,  as  we  shall  presently 
explain,  are  distinct  parts  of  the  membranous  labyrinth.  These 
depressions  (fossae),  as  well  as  the  intervening  ridge,  are  riddled  with 
minute  foramina,  only  visible  with  a  lens,  through  which  the  fila- 
ments of  the  auditory  nerve  enter  the  vestibule.    We  have  at- 
tempted to  represent  the  vestibule  and  its  eight  openings  in  the 

annexed  diagram,  fig.  53. 

•   .„      The  three  semicircular  canals  are  distmguished 
Semicikcular  -^"^ 

according  to  their  position,  mto  the  superior  ver 
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tical,  posterior  vertical,  and  external  or  horizontal.  The  superior 
vertical  canal  crosses  the  petrous  bone  at  right  angles,  and  stands 


Fig.  53. 


On  the  inaer  r  Fossa  for  saccule   

wall.  L  Fossa  for  utricle  

f  Superior  semicircular  canal   

'^^ind!^^  ^'^  I  Horizontal  semicircular  canal   

j  Aqueductus  vestibuli  

'"Posterior  semicircular  canal  

Outer  wall.    Foramen  ovale  

Opening  of  vestibular  scale  of  cochlea.;  

Opening  of  tympanic  scale  of  cochlea  

Diagram  of  the  right  vestibule, 
■and  the  openings  into  it. 

out  in  relief  on  its  anterior  surface.  Its  ampulla  is  at  the  outer 
orifice.  The  posterior  vertical  canal  is  the  longest  of  the  three.  It 
runs  parallel  with  the  posterior  surface  of  the  petrous  bone,  and 
makes  a  little  relief  just  above  the  aqueductus  vestibuli.  Its  am- 
pulla is  at  the  lower  orifice  :  its  upper  orifice  joins  the  narrow  end 
of  the  superior  canal.  The  horizontal  canal  is  the  smallest  of  the 
three ;  its  ampulla  is  at  the  outer  orifice. 
Cochlea.  The  cochlea  is  placed  so  that  its  base  is  at  the 

bottom  of  the  meatus  auditorius  internus,  ready  to 
receive  the  auditory  nerve.  Its  apex  is  directed  forwards  and 
outwards  close  to  the  canal  for  the  tensor  tympani.  It  makes  three 
coils  which  run  from  left  to  right  in  the  right  ear,  and  from  right 
to  left  in  the  left.*  Its  first  turn  bulging  into  the  tympanum 
makes  the  "promontory"  there.  The  outer  wall  of  the  coil  is  com- 
posed of  a  lamella  of  very  hard  bone  (lamina  externa),  like  the 
semicircular  canals :  the  inner  wall  is  formed  by  a  layer  of  thin  and 
fragile  bone,  (lamina  modioli)  in  contact  with  the  axis.  Now  the 
axis  and  the  inner  wall  of  the  coil  do  not  extend  beyond  the  second 
turn ;  the  consequence  of  this  is,  that  the  third  turn  is  formed 
entirely  by  the  external  wall.  The  third  turn  therefore  presents 
peculiarities ;  and  the  best  way  to  examine  them  is  to  remove  the 

♦  Most  authors  describe  only  two  turns  and  a  half;  but  a  more  careful  examina- 
tion proves  that  there  are  three  turns. 

K  4 
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apex  (cupola)  of  the  cochlea,  as  we  have  done  in  Plate  XLVIII.  D, 
fig.  4. 

In  this  drawing,  you  observe  that  the  last  turn  forms  a  kind  of 
half  funnel,  (infimdibulum).  At  the  apex  of  the  funnel  is  the  end 
of  the  modiolus,  and  the  orifice  of  the  canal  which  runs  through  the 
centre  of  the  modiolus.  Eound  the  free  border  of  the  half  funnel 
projects  the  hook-like  termination  of  the  lamina  spiralis.  All  this 
is  seen  only  in  the  dry  bone.  In  the  recent  state  there  would  be 
simply  the  aperture  of  communication  (helicotrema),  between  the 
two  scales  of  the  cochlea. 

Of  the  two  scales  of  the  cochlea  the  vestibular  is  the  more  an- 
terior. At  the  lower  part  of  the  tympanic  scale,  near  the  beginning 
of  it,  is  the  minute  termination  of  the  "aqueductus  cochleae." 
(Plate  XLVIII.  D,  fig.  3.) 

The  lamina  spiralis,  or  partition  between  the  two  scales,  is  the 
most  essential  part  of  the  cochlea.  It  is  composed  of  bone,  fibro- 
cartilage,  and  membrane,  arranged  in  successive  spiral  zones  round 
the  axis.  As  each  of  these  is  very  elaborate  in  its  structure,  we 
must  speak  of  them  separately.  Let  us  first  point  attention  to  the 
bony  part  of  the  lamina,  which  is  all  that  we  can  see  in  the  dry 
bone  fig.  54.    It  commences  at  the  lower  part  of  the  vestibule, 

Fig.  54. 

Cupola  

Hook  of  lamina  spiralis  ... 

Infundibulum   

Lamina  spiralis   

Vestibular  scale   

Lamina  spiralis   

Tympanic  scale   

Meatus  auditorius  internus 


Lamina  spiralis  and  the  two 
scales  of  the  cochlea. 

immediately  above  the  foramen  rotundum  (Plate  XLVIIL  D, 
fio-.  3).  From  this,  which  is  its  broadest  part,  it  gradually  dimi- 
nrshes  in  breadth  as  it  winds  roimd  the  axis  into  the  apex  of  the 
cochlea,  and  finally  terminates  like  a  Uttle  hook  in  the  funnel  of 


I 
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the  last  coil.  On  the  concave  side  of  this  hook  is  situated  (in  the 
recent  state)  the  aperture  of  communication  (helicotrema)  between 
the  two  scales.  Now,  if  you  examine  the  lamina  spiralis  with  a 
lens,  you  will  find  that  both  its  surfaces  are  furrowed  by  canals 
which  give  passage  to  the  nerves  before  they  reach  the  cartilaginous 
part  of  the  septum.  You  will-  also  observe,  that  it  is  composed  of 
two  very  delicate  and  brittle  plates  which  separate  from  each  other" 
at  the  axis.  On  these  plates  we  notice  the  orifices  of  the  canals 
just  alluded  to.  In  the  tympanic  scale,  these  orifices  are  separated 
by  little  columns  of  bone,  which  give  rise  to  a  fluted  appearance, 
shown  in  fig.^  54.  These  columns  themselves  are  made  up  of 
bundles  of  little  tubes,  enclosing  the  filaments  of  the  auditory 
nerve. 

The  fibro-cartilaginous  zone  of  the  lamina  spiralis  comes  next  to 
the  bony.  It  is  thin  and  transparent.  On  its  convex  or  outer  edge 
the  cartilage  appears  to  divide  into  two  layers,  leaving  a  little  furrow 
between  them,  visible  only  from  the  vestibular  scale.  Of  these  layers, 
one  is  directly  continuous  with  the  membranous  zone.  The  other 
projects  like  a  little  crest  in  the  vestibular  scale,  and  when  ex- 
amined under  the  microscope,  appears  to  be  armed  with  a  multitude 
of  little  points,  like  so  many  teeth  placed  side  by  side.  Hence  the 
cartilaginous  layer  has  been  called  by  some  anatomists,  "zona  den- 
tata."  M.  Corti*,  the  last  writer  on  the  subject,  describes  a  second 
row  of  teeth  which  run  parallel  with  the  first.  Their  design  is 
still  doubtful. 

But  I  will  not  pm-sue  this  part  of  the  subject,  because  I  have  not 
investigated  it  sufficiently  to  enable  me  to  judge  for  myself.  As 
regards,  therefore,  the  membranous  part  of  the  lamina  spiralis,  and 
the  controversy,  not  yet  settled,  concerning  the  ultimate  termina- 
tions of  the  auditory  nerve,  I  must  refer  the  reader  to  Kolliker's 
"  Microscopical  Anatomy." 

The  axis  (modiolus)  of  the  cochlea  is  conical.  The  base,  which 
we  shall  examine  presently,  is  at  the  bottom  of  the  meatus  audi- 
torius  internus ;  the  apex  does  not  extend  beyond  the  second  turn 
of  the  cochlea,  and  joins  the  funnel  formed  by  the  last  coil.  The 

*  Rccherchcs  sur  I'Organe  de  I'Ouie  dcs  Mammifercs. 
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axis  is  composed  of  brittle  and  porous  bone,  and  its  interior  is  tra- 
versed by  numerous  canals  which  transmit  the  cochlear  nerves 
to  the  lamina  spiralis.  One  canal,  larger  than  the  rest,  runs 
through  the  centre  of  the  axis,  and  opens  on  its  summit,  that  is,  at 


55. 


Vestibular  scale ... 
Lamina  spiralis  ... 
Tympanic  scale  ... 


Cochlear  nerve  .., 


Section  through  the  axis  of  the  cochlea,  to 
show  the  filaments  of  the  cochlear  nerve. 

the  apex  of  the  funnel.  It  transmits  a  nerve  to  the  last  turn  of  the 
lamina  spiralis. 

The  meatus  auditorius  internus  is  situated  on 

Foramina     at  „   ,-,  ^  v     „  T+c. 

the  bottom  of  the    the  posterior  surface  of  the  petrous  bone,  its 

meatus  auditorius    (jij-ection  is  nearly  horizontally  outwards  ;  its  length, 
•  about  three-eighths  of  an  inch.    Its  diameter  varies 
a  little  in  different  bones,  but  is  always  larger  than  that  of  the 
nerves  which  it  transmits. 

The  interval  between  the  nerves  and  their  bony  canal  is  occupied 
by  the  cerebro-s'pinal  fluid.  In  fractures  through  the  base  of  the 
skull,  involving  the  meatus,  this  fluid  sometimes  oozes  out  through 
the  external  ear.  Whenever  you  observe  this  after  an  injury  to  the 
head  be  on  your  guard.  In  thirteen  cases  of  injury  to  the  head  ad- 
mitted into  St.  Bartholomew's  Hospital,  blood  or  watery  fluid  flowed 
from  the  ear.  Of  these  thirteen,  six  died,  and  in  all  six  the  corre- 
sponding petrous  bone  was  found  fractured.  In  the  seven  cases 
that  recovered,  five  had  bleeding  from  the  ear,  aad  two  only  had  a 
discharge  of  fluid.  So  that  although  a  watery  discharge  be  a  very 
unfavourable  symptom,  it  is  not  necessarily  a  fatal  one. 
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By  cutting  away  the  greater  part  of -the  meatus,  as  we  have  done 
in  fig.  56.,  you  will  find  that  the  bottom  of  it  is  divided  by  a  crest 
of  bone  into  two  compartments  of  unequal  size,  an  upper  and  a 
lower.  In  the  upper  and  smaller  one  there  are  two  openings,  of 
which  the  anterior  is  the  aqueductus  Fallopii  (transmitting  the 
facial  nerve) ;  the  posterior,  when  examined  with  a  lens,  presents  a 
number  of  minute  foramina  which  transmit  the  divisions  of  the 
superior  vestibular  nerve — the  nerve,  namely,  which  supplies  the 
utricle,  the  superior  and  the  external  semicircular  canals. 

EiG.  56. 

 Aqueductus  Fallopii." 

Opening  for  the  superior  vestibular  nerve  (which  supplies  the 

utricle,  the  sujjerior  and  the  external  semicircular  canals). 
Crest  of  bone. 

Openings  for  inferior  vestibular  nerve  '(which  supplies  the 
saccule). 

Opening  of  a  canal  which  transmits  the  nerve  of  the  posterior 

semicircular  canal- 
Lamina  ciibrosa,  through  which  the  nerves  pass  to  the  cochlea. 


Poramina  at  the  bottom  of  the  right 
meatus  aiiditorius  internus. 

In  the  lower  and  larger  depression,  we  observe  the  base  of  the 
axis  of  the  cochlea,  termed  "lamina  cribrosa,"  because  it  has  a 
double  row  of  foramina  arranged  spirally,  as  shown  in  the  cut. 
Now  take  any  one  of  these  foramina,  which  appear  scarcely  larger 
than  the  point  of  a  pin,  magnify  it  with  a  lens,  and  you  will  find 
that  it  becomes  a  fossa  pierced  by  holes  varying  in  number  from 
three  to  seven.  So  fine' are  the  canals  which  transmit  the  filaments 
of  the  cochlear  nerve !  In  the  centre  of  the  lamina  is  the  orifice 
of  the  central  canal  of  the  axis,  which  is  the  largest  of  all.  Behind 
the  lamina  are  two  (sometimes  three)  openings  leading  to  minute 
perforations  which  transmit  the  inferior  vestibular  nerve,  or  nerve 
to  the  saccule.  Lastly,  on  the  posterior  wall  of  the  meatus  is  the 
orifice  of  a  very  constant  canal  (represented  by  the  dotted  outline) 
which  gives  passage  to  the  nerve  'of  the  posterior  semicircular 
canal. 

Membranous  The  membranous  labyrinth  comprises  the  two 
LABiuiNni.         ^•j.^jg  bladders,  termed  the  utricle  and  the  saccule. 
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in  the  vestibule,  and  the  membranous  semicircular  canals.  It 
floats  in  the  perilymph,  and  contains  the  endolymph.  It  is  repre- 
sented in  fig.  57. 

Fig.  57. 

Ampulla  of  superior  semicircular  canal 
Ampulla  of  horizontal  semicircular  canal 

Utricle  

Saccule   

Ampulla  of  posterior  semicircular  canal 

Membranous  labyrinth  and  nerves 
of  the  left  ear. 

The  utricle  occupies  the  upper  half  of  the  vestibule.  It  is  very- 
difficult  to  make  a  good  display  of  it.  The  best  way  to  examine 
it,  is  to  remove  very  carefully  the  roof  of  the  vestibule  and  that  of 
the  superior  semicircular  canal,  and  then  to  put  the  preparation  in 
water.  All  the  semicircular  membranous  canals  open  into  it.  It 
floats  free  in  the  perilymph  everywhere  except  at  the  fossa 
(fossa  for  the  utricle),  where  it  is  retained  against  the  sieve-like 
plate  of  bone  through  which  the  utricular  nerves  enter. 

The  saccule  is  smaller  than  the  utricle  and  situated  below  it, 
close  to  its  appropriate  fossa  in  the  vestibule  to  which  it  is 
attached  by  the  saccular  nerve  in  a  waj  similar  to  the  utricle. 
'VSTiether  the  utricle  and  saccule  communicate  with  each  other  is  a 
point  not  yet  absolutely  settled  by  anatomists.  From  the  few 
observations  which  I  have  had  the  opportimity  of  making,  my 
impression  is  that  they  do  communicate. 

The  membranous  semicircular  canals  only  fill  about  half  .  the 
space  of  the  bony  canals;  the  remainder  is  occupied  by  the 
perilymph.  The  nerve  destined  to  each  membranous  ampulla 
spreads  out  only  upon  that  surface  of  the  ampulla  which  is  nearest 
to  the  tympanum.  The  nerve  does  not  advance  beyond  the 
ampulla,  but  ramifies  upon  a  crescent-shaped  septum  which  pro- 
jects into  the  interior.    The  mode  in  which  the  ultimate  nerve 
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fibres  terminate^  whether  in  loops  or  in  free  ends,  is  un- 
determined. 

Otoconia  or  car  On  the  inner  wall  of  the  utricle  and  the  saccule, 
powder.  ^-^^g^  at  the  spot  where  the  nerves  spread  out  upon 

them,  and  nowhere  else,  is  a  minute  quantity  of  white  powder, 
termed  "otoconia"  by  Breschet.  Each  particle  of  this  powder, 
when  viewed  through  a  microscope,  is  a  little  prismatic  crystal ;  and 
appears  to  be  in  some  way  connected  with  the  termination  of  a 
nerve  filament.  The  powder  in  the  human  ear  is  but  a  rudiment 
of  the  ear  stones  (otolithes)  in  certain  osseous  fishes. 


ON  THE  UNITY  OF  TYPE  IN  THE  VEKTEBEATE  SKELETON. 

We  propose  to  give  a  simple  and  comprehensive  sketch  of  this 
subject,  enough  to  excite  the  attention  of  the  young  anatomist,  and 
induce  him  to  pursue  it  further  in  the  masterly  monographs  of 
Professor  Owen.* 

Importance  of  Let  no  one  turn  from  the  subject  in  the  idea 
the  subject  both  that  it  is  abstruse.    There  is  no  mystery  in  it.  It 

to    human    and    .     ,  ,    .      .  ^ 

comparative  ana-  '^'^^^^  Simple,  because  drawn  from  nature.  To 
tomy.  say  nothing  of  its  extreme  importance  in  the  study 

of  Comparative  osteology,  it  is  absolutely  essential  to  a  right  insight 
into  the  human  skeleton.  Of  this  a  student  may  rest  assured, — that 
however  minutely  he  may  have  scrutinised  the  bones,  he  cannot 
understand  them  unless  he  knows  something  of  the  "  Vertebrate 
Archetype."  Without  this  knowledge,  he  is  like  one  who  speaks  a 
language  fluently,  but  is  ignorant  of  its  grammar.  The  "Arche- 
type "  may  be  said  to  be  the  grammar  of  all  osteology. 

It  is  incontrovertible  that  the  skeleton  in  every  animal  is  perfect 
as  regards  the  final  purpose  to  be  served.  More  than  this,  it  is 
now  an  admitted  truth,  fairly  proved  by  a  long-continued  and 

*  On  the  Archetype  and  Homologies  of  the  Vertebrate  Skeleton,  8vo.  1848  • 
On  the  Nature  of  Limbs,  8vo.  1849.  ' 
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elaborate  investigation  of  the  facts  of  nature,  that  the  skeleton  iil 
all  vertebrate  animals  is  constructed  upon  one  common  plan  or 
pattern.  However  much  modified  to  suit  particular  requirements, 
yet  this  plan  or  "  Archetype  "  is  never  lost  sight  of,  and  may  be 
traced  at  the  bottom  of  all  the  modifications.  Here  is  another 
instance  of  design,  pointing  to  the  One  great  cause  of  all  organi- 
sation. 

General  IDEA       Divesting  the  ,  subject  of  technicalities  as  much 
of  the  subject.       ag  possible,  it  comes  to  this: — In  all  vertebrate 
•  animals  the  back-bone  is  made  up  of  a  series  of  segments  termed 
"  vertebrae."    Each  vertebra  consists  of  certain  "  elements  "  which 
tally  one  with  another  throughout  the  whole  length  of  the  animal. 
One  element,  the  "centrum,"  forms  the  axis  for  the  support  of 
the  whole ;  from  this  other  "elements,"  termed  "processes"  or 
"apophyses,"  ascend  and  unite  to  form  an  upper  arch  (neural 
arch)  for  the  protection  of  the  brain  and  spinal  cord  :  other  "  ele- 
ments" descend  and  unite  to  form  a  lower  arch  (haemal  arch)  for 
the  protection  of  the  great  blood-vessels  and  other  vital  organs. 
Thus  there  result  an  upper  and  a  lower  (in  man,  a  hind  and  fore) 
series  of  arches.    The  upper  series  form  a  continuous  canal  for  the 
lodgment  of  the  nervous  system  from  the  top  of  the  nose  to  the  end 
of  the  tail.    The  lower  series  do  not  form  a  continuous  canal ;  it  is 
complete  in  some  parts  of  the  body,  but  in  others  there  axe  wide 
breaks  in  it  for  particular  purposes.   For  instance,  the  lower  arches 
are  complete  in  the  back,  where  the  ribs  are  prolonged,  and  unite 
with  the  sternal  bones  to  make  a  protecting  cage  for  the  heart  and 
lungs  :  in  the  pelvis,  too,  what  have  we  but  an  enormous  develop- 
ment of  an  inferior  arch  to  form  a  fulcrum  for  the  fixation  of  the 
lower  limbs  ?    But  in  the  neck  and  loins  the  lower  arches  are 
absent,  or,  at  all  events,  merely  rudimentary,— and  for  the  obvious 
reason,  that  they  would  impede  the  functions  of  these  parts. 

SkuU  composed  of  Passing  on  to  the  cranium,  we  find  that  the  skull 
FouB  vERTEBKiE.  itsclf  Is  but  a  coutinuation  of  the  back-bone,  and 
that  it  consists  of  four  vertebra,  or  segments,  which  correspond  to 
the  four  consecutive  enlargements  of  the  nervous  system  which  we 
call  the  "brain."  The  upper  arches  of  these  foiu:  segments  are 
enormously  expanded,  and  unite  to  form  the  skull-cap  for  the  pro- 


ON  THE  UNITY  OF  TYPE  IN  THE  VERTEBRATE  SIOSLETON.  255 


tection  of  the  brain :  while  the  lower  arches  are  extremely  modified 
so  as  to  form  the  upper  jaw,  the  lower  jaw,  the  hyoidean  arch,  and, 
strange  as  it  may  seem,  the  scapular  arch ;  that  is,  the  arch  formed 
by  the  scapulae  and  clavicles. 

Merit  of  this  dis-  "^^^  merit  of  discovering  that  the  cranial  bones 
covery :  to  wliom  are  composed  of  "  elements "  answerable  to  the 
"  elements  "  of  vertebrae,  is  due  to  Lorenz  Oken, 
a  great  comparative  anatomist.  It  is  a  discovery  which,  according 
to  Professor  Owen,  would  alone  have  conferred  immortality  upon 
his  name.  "In  August,  1806,"  says  Oken,  "I  was  travelling  in 
the  Hartz  mountains.  Walking  through  a  forest,  look !  there  lay 
at  my  feet  a  most  beautiful  blanched  skull  of  a  deer.  I  picked  it 
up,  gazed  intently  at  it,  turned  it  round,  and  the  idea  flashed 
through  my  mind.  It  is  part  of  a  vertebral  column  !"* 

Now  if  any  two  vertebraa  be  taken  from  no  matter  what  part  of 
the  body,  and  compared,  it  will  be  found  that  their  component 
"  elements,"  however  individually  modified  in  form  and  size,  are 
nevertheless  strictly  "  homologous ; "  in  other  words,  they  are 
answerable  elements,  and  may  be  described  by  common  names. 
Thus,  in  the  study  of  comparative  osteology  there  is  no  necessity 
for  retaining  the  individual  name  of  this  or  that  bone,  since  we 
have  the  immense  advantage  of  a  natural  nomenclature  which  com- 
prehends the  bones  of  all  animals. 

Typical  vbrte-  After  years  of  inductive  research  and  compa- 
BRAandAncHEXYPE  rison.  Professor  Owen  has  eliminated  the  "pat- 
Skelexon.  tern"  or  "perfect  typical- vertebra."    He  has  gone 

farther  still.  By  comparing  the  bones  of  one  animal  with  those  of 
another  throughout  the  entire  series,  and  guided  by  the  light  of 
reason,  he. has  constructed  the  "Archetype  Skeleton,"  the  creature 
of  reason,  which  may  be  referred  to  as  the  common  pattern  for  the 
skeleton  of  every  vertebrate  animal. 

Professor  Owen+  defines  a  vertebra  to  be  one  of  those  "seg- 
ments" or  natural  .groups  of  bones  which  constitute  the  axis  of  the 
body,  and  the  protecting  canals  of  the  nervous  and  vascular  trimks. 

Such  a  segment  may  also  support  diverging  apjpendages.  Ex- 

*  Isis,  1818,  p.  511. 

t  On  the  Archetype  of  the  Vertebrate  Skeleton,  8vo.  1848. 
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elusive  of  these,  it  consists,  in  its  typical  completeness,  of  the 
following  elements  and  parts  shown  in  Plate  XLIX. 

A  Centrum. 

Two  Neurapophyses,  so  called  because  they  form  the  sides  of 
the  neural*  arch  for  the  protection  of  the 
trunk  nerve. 

A  Neural  Spine  (sometimes  bifid),  which  completes  the  neural 
arch. 

Two  Bf^MAPOPHYSES,  so  called  because  they  form  the  sides  of  the 
hcemal'f  arch  for  the  protection  of  the  prin- 
cipal blood-vessels. 

A  HjEMAL  Spine  (sometimes  bifid),  which  completes  the  hsemal 
arch. 

Two  PleurapophysesJ,  or  ribs,  one  on  each  side  of  the  centrum. 
Four  ZYaAPOPHYSES  §,  or  articular  processes,  attached  two  to  the 

neural  and  two  to  the  haemal  arch. 
Two  DiAPOPHYSEs||,  or  upper  transverse  processes. 
Two  Parapophyses  ||,  or  lower  transverse  processes. 

9 

Of  these  elements,  the  zygapophyses,  the  dia-  and  parapophyses, 
are  termed  "  exogenous,"  because  they  are,  strictly  speaking,  out- 
standing processes:  all  the  others,  elements  are  termed  "auto- 
genous," because  they  are  usually  developed  from  distinct  and 
independent  centres  of  ossification. 

Thus  a  typical  or  perfect  vertebra,  with  all  its  elements,  presents 
four  canals  or  perforations  about  a  common  centre:  namely,  an 
upper,  for  the  protection  of  a  segment  of  the  nervous  system ;  a 
lower,  for  the  protection  of  the  vascular  system ;  and  one  on  each 
side  for  a  blood-vessel,  and  often  a  nerve.  Such  a  vertebra  is  found 
in  the  thorax  of  most  of  the  higher  class  of  vertebrata,  and  in  the 
neck  of  many  birds, — for  instance,  the  pelican.  The  bones  termed 

« 

*  Derived  from  vevpov,  a  nerve, 
f  Derived  from  af^ia,  blood. 
J  Derived  from  irAeupa,  a  rib. 
§  Derived  from  ^"7^"^  ^'  yoke. 

II  The  Greek  prepositions  Si^  and  iraph  imply  that  these  processes  arc  merely  out- 
growths of  bone. 


1 


PLA.TE  XLK. 
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"diverging  appendages"  are  added  to  some  vertebrae  for  special 
purposes:  for  instance,  the  thoracic  vertebras  of  birds  support 
diverging  appendages,  which  serve  to  lock  the  ribs  together,  and 
strengthen  the  framework  of  the  chest.  Here  they  serve  simply 
for  purposes  of  fixation.  Similar  appendages,  however,  attached  to 
certain  vertebrae,  serve  the  purposes  of  locomotion,  and  variously 
modified  and  developed,  become  fins,  wings,  legs,  or  arms,  as  the 
case  raay  be. 

Vertebrte  subject  Since,  then,  a  series  of  vertebrae,  in  the  recent 
to  many  modifi-  more  extended  sense  of  that  good  old  word,  con- 
stitute,  as  it  were,  the  materials  out  of  which  the 
entire  skeleton  in  every  form  of  vertebrate  animals  is  constructed, 
we  must  expect  to  find  that  vertebrae  are  subject  to  many  and  great 
modifications,  as  to  the  number  of  the  "  elements  "  retained  in  their 
composition,  as  to  the  form  and  proportion  of  these  "elements," 
and  even  as  to  their  relative  position. 

The  most  constant  and  the  simplest  element  is  the  "  centrum." 
Other  elements  are  added  in  the  different  segments,  according  to  the 
structure  to  be  raised.    Let  anyone  begin  at  the  end  of  the  tail  of 
an  animal.    There  he  will  see  a  "  cientrum  "  alone ;  but  it  is  not 
on  that  account  the  less  a  segment  or  vertebra  of  the  tail.  Let 
him  run  his  eye  along  the  successive  vertebrae  of  the  tail,  and  he 
will  see  other  elements  gradually  rising  into  notice,  —  elements 
which  he  cannot  doubt  aire  successively  answerable  parts.  "WTien 
he  comes  to  the  chest,  he  will  not  trace  so  readily  the  homologous 
elements  of  the  vertebral  chain;  and  for  this  reason.:  the  lower 
arches  must  of  necessity  be  greatly  expanded,  to  make  room  for  the 
lodgment  of  the  heart  and  lungs.    But  nature  does  not  accomplish 
this  by  a  simple  expansion  and  lengthening  of  those  elements  only 
which  formed  the  haemal  arch  of  the  tail.    No:   she  shifts  the 
haemapophyses  from  the  typical  position  which  they  held  in  the  ■ 
tail,  and  joins  them  to  the  ends  of  the  pleurapophyses,  or  ribs, 
which  are  adequately  elongated  and  bent  down.     In  the  neck, 
again,  he  meets  with  no  difficulty.    Wlien  he  reaches  the  head,  he 
is  entirely  at  fault ;  and  no  wonder.    In  this  complex  region  of  the 
skeleton,  the  elemental  parts  of  its  constituent  vertebrje  are  modi- 
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fied,  not  only  by  change  of  shape  and  proportion,  by  division  and 
subdivision,  but  even  by  dislocation  [from  their  proper  segment; 
the  upper  arches  must  needs  be  so  widely  expanded  and  interlocked, 
to  protect  the  brain ;  the  lower  arches  so  enormously  developed, 
to  form  the  jaws;  the  diverging  appendages  of  the  upper  jaw 
so  massive,  to  form  bulwarks  for  its  fixation  and  the  origin  of 
the  powerful  muscles  of  mastication.  Still  the  elements  axe 
there. 

Such  is  a  brief  but  very  imperfect  outline  of  this  great  subject. 
It  may  be  said,  it  is  pretty  and  plausible,  but,  after  all,  a  mere 
"  transcendental  dream."    These  glimpses,  indeed,  of  a  great  truth 
have,  by  some  persons,  been  ill  received.  Even  in  1845,  the  learned 
editor  of  Baron  Cuvier's  last  course  of  lectures,  M.  de  Saint  Agy, 
commentiug  upon  the  osteological  essays  of  Spix  and  Oken, 
remarks — "Pour  moi,  une  mS,choire  superieure  est  ime  machoire 
superieure,  et  un  bras  est  im  bras.    II  ne  faut  pas  chercher  a  faire 
sortir  I'osteologie  d'un  systeme  de  metaphysique."    To  this  obser- 
vation Owen  very  logically  replies — "  But  a  jaw  is  not  the  less  a 
jaw  because  it  is  a  '  haemapophysis,'  nor  is  an  arm  the  less  an  arm 
because  it  is  a  'diverging  appendage.'"    In  the  same  spirit  a 
critic  might  write — "  Newton  calls  this  earth  a  '  planet,'  and  the 
moon  a  '  satellite ; '  for  me  the  earth  is  an  earth,  and  the  moon  is 
a  moon."    One  must  not  strive  to  make  an  ouranology  out  of  a 
system  of  metaphysics. 

.    , . ,      But  if  this  be  a  great  truth,  how  is  it  proved? 
Manner  m  which  ° 

the  subject  is  To  bring  the  matter  home,  the  human  anatomist 
proved.  ^^-j^^  proved  that  a  given  bone  in  the 

hum'an  skull  is  an  element  of  a  particular  vertebra?  The  proof  is 
founded  upon  a  series  of  comparisons  extended  over  all  the  verte- 
brate kingdom.  The  comparative  anatomist,  led  on  by  Owen,  -will 
point  to  the  same  bone  throughout  the  descending  scale  of  animals, 
tracing  it  step  by  step  through  its  various  modifications  in  mam- 
mals, birds,  reptiles,  and  fishes,  till  he  comes  to  its  simplest 
"  archetypal"  form.  He  will  never  let  him  lose  sight  of  the  bone  ; 
he  will  show  him  that  the  bone  is  in  each  and  every  instance  the 
answerable  element  of  the  same  vertebra ;  and  lead  him  on  withal 
by  such  gentle  transitions,  that  he  cannot  doubt  the  unbroken 
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chain  of  evidence  any  more  tliau  he  can  doubt  a  series  of  mathe- 
matical propositions. 

We  will  now  take  a  few  examples  of  the  simpler  forms  of  ver- 
tebrae from  differen,t  animals,  for  the  sake  of  explaining  their 
modifications  with  the  help  of  the  "  ideal  type." 

Caudal  vertebra      Fig.  2  (Plate  XLIX.)  represents  a  vertebra  from 
of  a  crocodile.       the  tail  of  a  crocodile.     Its  elements  are  marked 
by  the  initials  of  their  names.    We  recognise  at  once  the  "  cen- 
trum "  (c).    Its  posterior  surface  is  convex,  so  as  to  form  a  ball- 
and-socket  joint  with  the  anterior  surface  of  the  centrum  of  the 
succeeding  vertebra.*    We  see  the  "  neural  arch  "  formed  by  the 
"  neurapophyses  "  (n) ;  the  "  neural  spine  "  (n  s)  ;  the  "  zygapo- 
physes"  (z),  or  articular  processes  for  interlocking  with  the  next 
vertebrse.    There  is  a  short  "  diapophysis  "  (d),  and  to  the  end  of 
this  is  articulated  by  suture  a  short  "  pleurapophysis "  (pi),  or 
stunted  rib.    The  "  haemal  arch  "  required  for  the  protection  of  the 
■  great  blood-vessels  of  the  tail  is  formed  by  "  hsemapophyses  "  (h), 
which  articulate  with  the  under  surface  of  the  centrum,  and 
coalesce  with  each  other  and  the  "  hffimal  spine  "  (h  s).  Compared 
with  the  typical  vertebra,  we  find  that  the  "  parapophyses "  and 
lower  zygapophyses  are  suppressed. 

Lumbar  verte-  Fig.  3  represents  an  abdominal  or  lumbar  ver- 
bra  of  a  crocodile,  tebra  of  a  crocodile.  It  has  the  following  modi- 
fications:—  There  are  long  « diapophyses "  (d)  for  muscular 
attachments;  the  " pleurapophyses "  are  suppressed;  the  "haema- 
pophyses  "  (h)  are  removed  from  the  centrum  to  the  lower  part 
of  the  abdominal  wall.  These  "  so-called "  abdominal  ribs,  more 
or  less  ossified,  and  generally  subdivided,  form  a  half-arch  for  the 
support  of  the  abdominal  viscera,  —  a  modification  requii-ed  in 
these  amphibious  reptiles,  which,  when  on  land,  rest  the  whole 
weight  of  the  abdomen  on  the  ground. 

Thoracic  verte-  Fig.  1  (Plate  L.)  represents  a  thoracic  vertebra 
braofacrocodUe.  of  a  crocodile.  Here  the  "pleurapophyses"  (pi) 
are  connected  to  the  «  diapophyses "  (d),  and  then  elongated  and 
turned  down  so  as  to  form  a  large  haemal  arch:  this  arch  is 

•  This  type  of  vertebra  is  termed  by  Owen  "procasUan"  (npos;  koiKos,  hollow) 
It  characterises  all  the  existing  genera  and  species  of  the  order  Crocodilia. 
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completed  below  by  the  "  lisemapophyses  "  (h),  wbicb  are  removed 
from  the  centrum  (c)  and  attached  to  the  ends  of  the  lengthened 
"  pleurapophyses  "  (pi).    There  is  also  a  bifid  "  haamal  spine"  (h  s). 

Cervical  verte-  Fig.  3  (Plate  XLIX.)  represents  a  cervical  ver- 
bra  of  a  crocodile,  tebra  of  a  crocodile.  The  chief  modification  here 
is  the  formation  of  the  lateral  canals.  The  "  dia- "  and  "  par- 
apophyses"  (d  and  p)  articulate  by  suture  with  the  prongs  of  a 
short  and  forked  "  pleurapophysis "  (pi),  and  thus  are  formed  the 
foramina  on  each  side  for  the  transmission  of  the  vertebral  arteries. 

Caudal  vertebra  A  vertebra  from  the  tail  of  a  fish  is  a  good 
of  a  fish.  •  example  of  a  simple  form.     There  is  a  small 

"  neural  arch  "  with  "  zygapophyses  "  and  a  long  "  neural  spine." 
The  "  diapophyses "  are  suppressed.  There  is  also  a  "haemal 
arch;"  but  this  is  formed,  not  by  " hsemapophyses,"  as  is  generally 
the  case  in  other  animals,  but  by . "  parapophyses,"  which  bend 
down,  meet,  and  are  prolonged  so  as  to  form  a  haemal  spine.  Each 
has  a  "  zygapophysis  "  at  its  base; 

Abdominal  ver-  Fig-  4  (Plate  XLIX.)  represents  an  abdominal 
tebra  of  a  fish.  vertebra  of  a  fish.  Here  the  "  diapophyses  "  are 
suppressed.  The  "parapophyses"  (p)  stand  out  for  a  short  dis- 
tance, and  have  the  "pleurapophyses"  (pi)  appended  to  their  ends. 
Each  pleurapophysis  supports  a  short  "  diverging  appendage "  (a) 
for  the  attachment  of  muscles.  The  "pleurapophyses"  in  fishes 
correspond  with  the  floating  ribs  in  human-  anatomy;  and  the 
abdomen  is  closed  below  by  haemal  arches  of  aponeurotic  tissue, 
like  the  "  linese  transversae"  of  the  abdominal  wall  in  man. 

Thoracic  verte-  Fig.  3  (Plate  L.)  represents  the  thoracic  vertebra 
bra  of  a  bird.  of  a  bird  (vulture).  Here  the  long  "pleur- 
apophyses "  (pi)  are  firmly  articulated  to  both  "  dia-"  and  "  par- 
apophyses" (d  and  p),  so  as  to  make  two  lateral  canals:  the 
"  hsemapophyses "  (h)  are  short  and  attached  to  the  ends  of  the 
"pleurapophyses"  (pi).  But  the  principal  modification  is  the 
great  expansion  of  the  "h»mal  spine"  (h  s)  and  its  prolongation 
in  the  form  of  a  bony  crest,  in  order  to  give  additional  surface  for 
the  origin  of  the  great  pectoral  muscles  concerned  in  flight.  This 
crest  is  always  developed  in  proportion  to  the  powers  of  flight. 
Each  "pleurapophysis"  (pi)  has  a  "diverging  appendage"  (a). 
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which  serves  to  fix  cue  rib  to  another,  and  associate  the  two  in 
action,  and  give  firmness  and  security  to  the  whole  thoracic  cage. 
From  the  under  part  of  the  centrum,  a  secondary  process,  termed 
the  "  hypapophysis  "  (y),  projects  in  order  to  give  attachment  to 
the  muscles  which  bend  the  neck  forwards,  and  enable  the  bird  to 
give  a  powerful  blow  with  its  beak.  This  is  especially  developed 
in  birds  of  prey. 

Yig.  5  represents  a  cervical  vertebra  of  a  bird.  The  extremely 
stunted  "pleurapophyses "  (pi)  coalesce  with  the  "  dia-"  and 
"  parapophyses  "  to  form  lateral  foramina  for  the  vertebral  arteries. 
This  is  just  like  the  cervical  vertebrae  in  man. 

Thoracic  verte-  Fig.  2  represents  a  thoracic  vertebra  from  a 
bra  of  a  mammal,  mammal.  The  haemal  arch  is  complete  for  the 
protection  of  the  heart  and  lungs.  The  long  "  pleurapophyses  "  (pi) 
come  at  once  from  the  "  centrum  "  (c),  and  are  also  supported  by 
short  "  diapophyses  "  (d).  The  lower  part  of  the  arch  is  completed 
by  the  "  hsemapophyses  "  (h),  or  costal  cartilages,  and  the  sternum 
or  "  haemal  spine  "  (h  s). 

Skull  of  the  P^^^  °^  ^6xt  place  to  show  how 

Archetype     vertebrae  are  modified  to  form  a  skull — taking  that 
skeleton.  ^  £gj^     ^-^^  example,  because  it  deviates  least 

from  the  "  archetype."  And  first,  a  few  words  explanatory  of  the 
skull  of  the  "  archetype,"  or  primal  pattern  eliminated  by  Professor 
Owen  (Plate  LI.  fig.  1). 

The  first  four  vertebrae  of  the  skeleton  are  modified  to  form  the 
skull.  They  are  termed  the  Fasal,  Frontal,  Parietal,  and  Occipital 
vertebrae.  The  neural  arches  of  these  vertebrse  correspond  with 
the  four  segments  or  primary  divisions  of  the  nervous  system  which 
are  manifested  in  the  embryonic  condition  of  the  brain ;  name!}?, 
the  Rhinencephalon,  the  Prosencephalon,  the  Mesencephalon,  and 
Epencephalon.  These  several  segments  respectively  give  origin  to 
the  nerves  of  special  sense  ;  namely,  smell,  sight,  taste,  and  hearing. 
The  "neurapophyses  "  of  the  four  vertebrae  are  perforated  to  allow 
the  nerves  of  special  sense  to  pass. 

The  organ  of  smell  is  situated  in  advance  of  its  proper  vertebra;, 
which  is  modified  to  close  and  protect  it. 

s  3 
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The  eye  is  lodged  in  a  cavity,  or  "  orbit,"  between  the  frontal 
and  the  nasal  vertebrae. 

The  nerve  of  taste  perforates  the  "  neurapophysis "  (n)  of  its 
ovm  vertebra,  the  "  parietal,"  to  spread  out  in  the  tongue. 

The  organ  of  hearing  is  always  lodged  in  the  interspace  between 
the  "neurapophyses"  (n)  of  the  parietal  and  occipital  vertebrae; 
and  the  surrounding  vertebral  elements  are  modified  to  form  the 
cavity  for  its  reception,  called  "  otocrane." 

The  haemal  arches  of  the  first  two  vertebrae  form  the  upper  and 
lower  jaw. 

Skull  of  a  From  the  skull  of  the  "  archetype  "  to  that  of  a 
Pish.  figh  the  transition  is  comparatively  easy.  Although 
some  of  the  elements  in  the  skull  of  a  fish  are  modified  into  a 
scale-like  form,  the  better  to  overlap  and  mutually  support  each 
other,  yet  the  four  vertebrae  composing  it,  as  well  as  the  constituent 
elements  of  each  vertebra,  can  be  separated,  with  the  exception  of 
the  centra  (c),  which  are  confiuent,  all  but  the  first  and  second, 
in  order  to  give  greater  strength  to  the  head.  We  recognise  the 
four  neurapophyses  (n)  which  form  the  neural  arches  for  the  primary 
divisions  of  the  brain,  and  each  is  perforated  or  notched  for  the 
passage  of  its  proper  nerve. 

The  foiir  neural  spines  (n  s)  protect  each  their  own  division  of 
the  brain  and  organ  of  special  sense,  and  rise  into  a  lofty  and 
continuous  crest  for  the  insertion  of  the  powerful  muscles  of  the 
back. 

The  diapophyses  (d)  of  the  three  posterior  vertebrae  (the  first 
has  none)  stand  out  from  the  neurapophyses  (n),'  Hke  buttresses, 
and  support  the  bones  which  form  two  of  the  haemal  arches ;  namely, 
the  inferior  maxillary  and  the  scapular  arch. 

Under  the  first  neural  spine  (n  s)  is  the  ossified  part  of  the  cap- 
sule (turbinal  bone)  of  the  organ  of  smell. 

The  interval  between  the  first  and  second  vertebra  is  the  orbit  for 

the  eye.  • 

The  partly  gristly  partly  bony  case  (petrosal  bone)  which  con- 
tains the  organ  of  hearing,  is  wedged  in  between  the  third  and 

fourth  neural  arches. 

The  haemal  arch  of  the  nasal  vertebra  is  modified  to  form  the 
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upper  jaw.  It  consists  of  the  pleurapophysis  (pi),  haBmapophysis  (h), 
ajid  haemal  spine  (h  s).  These  bones  correspond  respectively  to 
the  palate  bone,  the  superior  maxillary,  and  the  pre-maxillary  of 
human  anatomy;  and  all  three  are  drawn  forwards  so  that  the 
apex  of  the  arch  may  be  fixed  to  the  centrum  (c)  and  the  neural 
spine  (n  s),  and  thus  close  the  neural  canal  in  front.  We  observe 
that  the  hsemal  spine  supports  the  teeth,  and  that  both  it  and  the 
hsemapophysis  are  prolonged  backwards,  in  relation  to  the  protractile 
and  retractile  movements  of  the  jaws  in  fishes  necessary  to  respira- 
tion and  seizing  their  food.  Moreover,  in  order  that  the  jaws  may 
act  together,  an  appendage  (a  a)  proceeds  from  the  pleurapophysis 
of  the  first  arch  to  that  of  the  second:  this  corresponds  to  the 
internal  pterygoid  plate  of  human  anatomy. 

The  haemal  arch  of  the  second  or  frontal  vertebra  is  modified  to 
form  the  lower  jaw.  It  consists  of  a  plem-apophysis  (tympanic 
bone)  and  a  hsemapophysis,  connected  by  a  moveable  joint,  and  a 
htemal  spine  which  supports  the  teeth.  The  pleurapophysis  abuts 
on  and  articulates  with  the  diapophysis,  not  only  of  its  own,  but 
also  of  the  succeeding  vertebra :  the  reason  for  this  modification  is 
to  give  a  firmer  basis  of  support  to  the  lower  jaw.  The  pleur- 
apophysis of  the  lower  jaw  in  fishes  has  to  support  not  only  the 
weight  and  working  of  its  own  appendages  (the  gill  covers),  but 
also  that  of  the  succeeding  haemal  arch,  with  all  its  appendages ; 
namely,  the  respiratory  (branchial)  apparatus.*  Another  modifi- 
cation of  the  pleurapophysis  of  the  lower  jaw  in  fishes  is  its  being 
subdivided  into  four  overlapping  pieces  :  this  provision  adds  greatly 
to  its  strength,  and  diminishes  its  liability  to  fracture,  like  the 
overlapping  plates  in  the  springs  of  a  carriage. 

The  hasmal  arch  of  the  third  or  parietal  vertebra  is  the 
"  hyoidean  "  arch.  It  consists  of  a  pleurapophysis,  a  htemapophysis, 
and  a  haemal  spine,  answering  to  the  styloid  process,  stylo-hyoid 
ligament,  and  os.hyoides  of  human  anatomy.  This  arch  forms  the 
bony  support  of  the  breathing  machinery ;  namely,  of  the  branchial 
arches,  which  are  diverging  appendages  from  it.   Its  plem-apophysis 


*  Tliese  several  appendages  liavo  been  loft  out  in  the  diagram  for  the  sake  of 
perspicuity. 


8  4 


264       ON  THE  UNITY  OF  TYl'E  IN  THE  YERTEBHATE  SKELETON. 

is  displaced  from  the  diapophysis  of  its  own  vertebra,  in  order  to 
be  attached  to  the  pleurapophysis  of  the  lower  jaw,  so  that  these 
two  hasmal  arches  may  move  consentaneously  in  respiration.  Thus 
the  mechanical  functions  of  the  thorax  in  air-breathing  animals  are 
performed  in  fishes  by  one  of  the  arches  of  the  skull :  hence  the 
largo  size  of  the  head,  to  make  additional  room  for  the  heart  and 
lungs. 

The  haemal  arch  of  the  fourth  or  occipital  vertebra  is  compara- 
tively the  most  interesting  of  all  the  arches  in  the  head,  because 
the  diverging  appendage'  which  it  supports  is  the  pectoral  fin,  an 
organ  of  locomotion.  This  appendage,  variously  modified  and 
removed  to  a  distance  from  its  own  arch,  becomes,  as  we  ascend  in 
the  animal  scale,  a  foreleg,  a  wing,  or  an  arm  and  hand.  Its  pleur- 
apophysis or  scaplila  is  forked  at  the  top.  Its  two  prongs  abut, 
like  the  head  and  tubercle  of  a  rib  in  the  human  chest,  on  the 
dia-  and  neurapophysis  of  its  own  vertebra.  The  hsemapophysis 
or  coracoid  bone  completes  the  haemal  or  scapular  arch  which  pro- 
tects the  heart  and  lungs  in  fishes.  The  pectoral  fin  or  appendage 
consists  of  a'  short  radius  and  ulna  (the  humerus  is  suppressed),  a 
row  of  bones  forming  the  carpus,  and  fin  rays  answering  to  the 
metacai-pus  and  phalanges  of  the  fingers. 

Analysis  of  the  From  the  skull  of  the  fish — the  simplest  modi- 
'  HcMAN  Skull,  fication  of  the  archetype — we  pass  on  to  the  analysis 
of  the  human  skull, — the  extreme  modification  of  the  archetype. 
Plate  LII.  represents  the  individual  elements  of  the  four  cranial 
vertebrae  of  the  human  foetus  separated  from  each  other  and  seen 
from  behind.  In  Plate  LIII.  they  are  shown  in  profile  and  in 
relative  position,  both  from  the  inside  and  the  outside  of  the  skull. 

OccipiTAi,  The  occipital  vertebra  is  comprised  in  the  occi- 

Vertebka.  pj^al  bone.  The  basilar  process  is  the  centrum  (c) ; 
the  lateral  pieces  on  each  side  the  foramen  magnum  or  neural 
arch  are  the  neurapophyses  (n);  the  arch  is  completed  by  the 
occipital  plate  or  neural  spine  (n  s)  broadly  expanded  to  protect  its 
own  segment  of  the  brain,  the  cerebellum.  The  condyles  are 
aygapophyses  modified  in  adaptation  to  man's  erect  attitude. 

The  haemal  arch  is  displaced  from  its  own  vertebra,  and  planted 
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free  on  the  sides  of  the  chest,  to  form  the  upper  extremity.  The 
scapula  is  the  highly  modified  pleurapophysis  (pi);  the  little 
coracoid  process  is  the  stimted  hsemapophysis  (h).  The  arch  is 
completed  by  the  clavicles,  which  are  the  displaced  hsemapophyses 
(h)  of  the  atlas,  and  they  abut  against  the  first  bone  (manubrium) 
of  the  sternum,  which  is  the  haemal  spine  of  the  first  thoracic 
vertebra.  The  arms  are  diverging  appendages  from  this  arch.  It 
seems  strange,  to  say  that  all  the  bones  of  the  upper  extremity 
(except  the  clavicle)  are  essentially  bones  of  the  skull ;  but  in  the 
fish  we  see  the  homologous  bones  in  their  primitive  position 
actually  attached  to  the  occipital  vertebra :  they  are  well  seen,  too, 
in  the  lepidosiren,  Plate  L.  fig.  4,  where  the  haemal  arch  of  the 
occipital  vertebra  is  complete,  and  the  single  ray-like  appendage  (a) 
is  the  homologue  of  the  arm.  Those  who  desire  to  trace  the  suc- 
cessive facts  and  reasoning  upon  which  this  unexpected  conclusion 
is  founded,  are  referred  to  Professor  Owen's  most  interesting  and 
philosophical  work,  "  On  the  Nature  of  Limbs." 

Parietal  The  parietal  vertebra  consists  chiefly  of  its 
Vertebra.  neural  arch,  which  is  formed  by  the  posterior  or  , 
basi-sphenoid*,  the  alisphenoids,  and  the  parietal  bones.  The 
body  of  the  sphenoid  is  the  centrum  (c) :  its  greater  wings,  or 
alisphenoids,  are  the  neurapophyses  (n),  and  these,  as  usual,  are 
perforated  (by  the  foramen  ovale)  for  the  passage  of  the  third  or 
gustatory  division  of  the  fifth  nerve.  The  two  parietals  form 
the  bifid  neural  spine  (n  s)  enormously  expanded  into  a  dome-like 
roof  for  the  protection  of  the  cerebral  lobes.  The  mastoid  pro- ' 
cesses  are  the  diapophyses  (d). 

The  haemal  arch  is  formed  by  the  styloid  processes,  which  are 
stunted  pleurapophyses  (pi),  and  continued  by  means  of  the  stylo- 
hyoid ligaments  to  the  lesser  cornua  of  the  os  hyoides,  which 
represent  stunted  haemapophyses  (h).  The  body  of  the  os  hyoides ' 
is  the  haemal  spine  (h  s).  The  greater  cornua  are  diverging 
appendages  (a). 

*  In  the  early  foetus  there  are  two  distinct  sphenoid  bones,  each  belonging  lo 
separate  vertebra;;  a  posterior  or  "basi-sphenoid,"  an  anterior  or  " pre-sphenoid." 
The  bodies  of  both  soon  coalcseo  to  form  what  appears  afterwards  the  sin-^lc 
sphenoid.  " 
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Obscured  by  the  The  analysis  of  this  cranial  vertebra  is  rendered 
temporal  bone.  ^^^^  difficult  by  the  interposition  of  the  very 
complex  "  temporal "  bone.  This  bone  consists  of  five  elements, 
distinct  in  the  foetus  ;  namely,  the  petrosal,  the  mastoid,  the  styloid, 
the  tympanic,  and  the  squamous.  Of  these,  two,  the  mastoid  and 
the  styloid,  belong  to  the  parietal  vertebra.  The  petrosal  is  not 
an  element  of  a  vertebra,  but  the  bony  capsule  of  the  sense  of 
hearing,  as  the  sclerotic  coat  of  the  eye  is  the  fibrous  capsule  of 
the  sense  of  sight.  It  is  interposed,  as  usual,  between  the  occipital 
and  parietal  vertebrae,  coalesces  early  with  the  mastoid,  and  assists 
in  blocking  up  the  base  of  the  skull.  The  tympanic  element  is 
the  stunted  pleurapophysis  (pi)  of  the  next  vertebra  in  advance  of 
the  frontal,  and  reduced  in  the  foetus  to  a  mere  ring  of  bone  for 
the  support  of  the  membrana  tympani :  in  the  process  of  growth  it 
forms  the  meatus  auditorius  externus.  The  squamous  element  is 
one  of  the  diverging  appendages  of  the  hsemal  arch  of  the  nasal 
vertebra  or  upper  jaw.  It  is  interesting  to  trace  the  various  pur- 
poses served  by  this  appendage,  and  its  successive  modifications 
from  its  simple  proportions  in  the  lower  animals  up  to  its  im- 
portant development  in  man.  In  all  animals  above  fishes,  its  office 
is,  in  some  way  or  other,  to  assist  in  connecting  the  first  hsemal 
arch  or  upper  jaw  with  the  second  or  lower  jaw.  In  crocodiles,  for 
instance,  it  forms  an  additional  buttress  to  fix  the  upper  jaw ;  in 
birds  it  makes  the  jaws  move  together;  but  in  mammals  we  find  it 
gradually  introduced  into  the  formation  of  the  cranial  wall,  and  in 
man  it  undergoes  its  extreme  modification,  and  is  expanded  into  a 
scale-like  bone,  which  forms  the  greater  part  of  the  temporal  wall 
of  the  skull  between  the  third  and  fourth  neural  arches.  Notwith- 
standing its  singular  modification  in  subservience  to  the  great 
development  of  the  human  brain,  observe  that  this  squamous 
element  still  retains  its  natural  connection  with  its  own  vertebra, 
and  assists  in  forming  the  zygomatic  arch. 

TnoNTAL  The  body  of  the  anterior  or  pre-sphenoid  forms 
Vektedra.  ceptrum  (c)  of  the  frontal  vertebra.    The  lesser 

or  orbital  wings  form  the  neurapophyses  (n)  :  these  are  perforated, 
as  usual,  by  the  optic  nerves.  The  frontal  bone,  enormously 
expanded  for  the  protection  of  the  anterior  cerebral  lobes,  forms 


Parietal  Vertebra.. 
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the  bifid  neural  spine  (n  s).  The  external  angular  processes  are 
the  stunted  diapophyses  (d). 

The  htBmal  arch  is  formed  by  the  tympanic  element  (of  the  tem- 
poral bone)  or  stimted  pleurapophysis  (pi),  the  lower  jaw  is  the 
largely  developed  haemapophysis  (h),  and  its  symphysis  is  the 
haemal  spine*  (h  s).  Though  displaced  far  behind  their  own  ver- 
tebra, to  suit  the  requirements  of  the  human  skull,  observe  that 
the  individual  elements  of  the  arch  are  not  displaced  from  each 
other. 

Nasal  The  nasal  vertebra  is  the  most  modified  of  all 

Vertebra.  jj^  adaptation  to  the  human  face,  which  in  place 
of  being  elongated,  as  in  animals,  forms  a  right  angle  with  the 
forehead.  Besides  being  over-arched  by  the  neural  spine  of  the 
frontal  vertebra,  the  nasal  segment  contains  the  capsule  of  the  sense 
of  smell,  and  has  two  sets  of  appendages  to  fix  it  in  position.  In 
fig.  4,  Plate  LII.,  we  have  attempted  a  diagram  of  this  segment, 
.stripped  of  its  appendages  for  the  sake  of  perspicuity. 

The  vomer  is  the  centrum  (c).  The  perpendicular  plates  of  the 
ethmoid  form  the  neurapophyses  (n) :  these  are .  perforated  by 
numerous  foramina  for  the  transmission  of  the  olfactory  nerves 
which  ramify  on  the  olfactory  capsule  (ol)  or  turbinal  bones  of  the 
ethmoid.    The  nasal  bones  form  the  bifid  neural  spine  (n  s). 

The  haemal  arch  is  formed  by  the  palate  bones  or  pleurapophyses 
(pi),  the  superior  maxillary  or  hsemapophyses  (h).  The  pre-maxillary 
bones  are  the  bifid  haemal  spine  (h  s).  This  arch  has  two  sets  of 
appendages  (a),  Plate  LIII.  fig.  2 ;  the  first  set  belong  to  the 
pleurapophyses  or  palate  bones,  and  consist  of  the  pterygoid  ap- 
pendages: they  become  the  internal  pterygoid  plates  of  the  sphenoid, 
and  extend  backwards  to  bound  the  respiratory  passage,  and  to  fix 
the  haemal  arch  to  an  exogenous  growth  from  the  centrum  of  the 
parietal  vertebra,  namely  the  external  pterygoid  plate  of  the  sphe- 
noid. The  second  set  of  appendages  consist  of  the  malar  bones,, 
and  the  squamosal  elements  of  the  temporal.  The  other  modifi- 
cations of  this  arch  will  suggest  themselves  on  reflection. 

•  This  is  a  distinct  bony  clement  in  fishes  and  reptiles. 
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Such  are  the  general  homologies  of  the  bones  of  the  human 
skull.  Subjoined  is  a  table  of  the  names  given  to  them  by  Owen, 
according  to  their  special  homologies.  The  names  apply  alike  to 
all  the  vertebrate  kingdom. 

SPECIAL  NOMENCLATURE  OF  THE  ELEMENTS  OP  THE  CRANIAL 

VERTEBRAE. 


Neural  Spine... 
■Neurapophysis  . 

DiAPOPHTSIS    . . . 

Pleurapophtsis 
H«:mapophtsis  . 

HiEMAL  Spine  ... 

Occipital. 

Parietal. 

Frontal. 

Nasal. 

super  occipital 
exoccipital  ... 

basi  occipital... 

a.  bones  of  arm 

manubrium  ... 

ali  sphenoid  .. 

basi  sphenoid  . 

a.  thyro  hyal . 
cerate  "hyal  ... 

orbito  sphenoid 
post  frontal, 
pre-sphenoid... 

nasal, 
pre-frontal. 

vomer, 
palatine. 

a.  pterygoid, 
maxillary. 

a.  malar, 
squamosal, 
pre-maxillary. 

General  homo-  Let  us  now  examine  the  general  homologies  of 
logics  of  the  Ver-  the  vertebral  column,  and  for  this  purpose  take 
TEBRAL  CoLUJiN.  gxamplos  from  the  cervical,  dorsal,  lumbar,  sacral, 
and  coccygeal  regions  in  succession. 

A  cervical  vertebra  is  represented  in  Plate  LII.  fig.  5.  The  body 
is  the  centrum  (c) ;  the  laminae  are  the  neurapophyses  (n),  and 
the  neural  arch  is  completed  by  the  bifid  spinous  process  (n  s) ; 
the  articular  processes  are  the  zygapophyses  (z).  The  transverse 
processes  are  stunted  pleurapophyses  (pi) :  they  are  forked  at  their 
ends ;  the  anterior  prongs  or  roots  coalesce  with  the  paxapophyses 
(p) ;  the  posterior  with  the  diapophyses  (d),  and  thus  they  circum- 
scribe lateral  canals  for  the  vertebral  arteries.  In  the  drawing 
these  elements  have  been  artificially  separated. 

A  dorsal  vertebra  is  represented  in  fig.  6.  The  centrum 
neurapophysis  and  neural  spine  are  plain.  The  h^m'al  arch  is 
formed  by  the  rib  or  pleurapophysis  (pi);  the  articular  surface 
on  the  centrum  for  the  head  of  the  rib  is  all  that  remains  of  the 
parapophysis  (p).  The  transverse  process  is  the  diapophysis  (d), 
and  is  well  developed,  in  order  to  support  the  tubercle  of  the 
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rib.  In  the  first  seven  dorsal  vertebrae  the  haemal  arch  is  com- 
pleted by  the  costal  cartilages  or  haemapophyses,  and  the  sternum 
or  haemal  spine.  In  the  five  lower  dorsal  the  haemal  arch  is  in- 
complete. 

Fig.  7  represents  a  lumbar  vertebra.  The  "  so-called  "  transverse 
processes  are  formed  by  stunted  pleurapophyses  (pi),  which  are  con- 
fluent with  the  diapophyses  (d).  The  little  exogenous  tubercles 
(spoken  of  at  page  48)  are  termed  by  Owen  the  "  meta-"  and 
"  anapophyses."  Their  relative  positions  are  better  shown  in 
Plate  XLV.  fig.  2.  The  haemapophyses  of  the  lumbar  vertebrae  are 
represented  by  the  "  linese  transversse  "  of  the  abdomen. 

The  five  sacral  vertebrae  coalesce  to  form  the  single  bone  termed 
the  sacrum.  The  five  centra  are  plain.  In  the  first  four  vertebrae 
the  neural  arch  and  their  neural  spines  unite  to  form  a  lofty  crest 
for  the  origin  of  the  erector  spinae.  In  the  last  the  neural  arch  is 
incomplete.  The  "  so-called  "  lateral  masses  are  made  up  of  pleur- 
apophyses and  diapophyses  coalesced  with  each  other  and  with  the 
centra. 

The  pelvic  arch  includes  the  haemal  arches  of  the  first  and 
second  sacral  vertebrae.  The  pleurapophysis  is  divided  ;  one  part 
coalesces  with  the  centrum,  the  other,  enormously  developed,  forms 
the  ilium.  The  pubes  is  the  haemapophysis,  and  its  symphysis  is 
the  haemal  spine. 

The  ischium  is  the  ha3mapophysis  of  the  second  sacral  vertebra. 
It  coalesces  with  the  pubes,  but  is  separated  from  its  own  pleur- 
apophysis by  the  enormously  expanded  ilium. 

The  first  coccygeal  vertebra  has  a  centrum,  stunted  neurapo- 
physes,  and  zygapophyses  (comua),  which  join  those  of  the  last 
sacral  vertebra.  The  second  has  only  rudimentary  neurapophyses 
besides  the  centrum.  The  third  and  fourth  are  reduced  to  the 
centra  only. 

Correspondence  The  bones  of  the  extremities  tally  with  each 
TZ':l:^Z.  femur  is  the  "homotype"  of  the 

humerus,  the  tibia  of  the  radius,  the  fibula  of 

the  ulna. 

The  eight  bones  of  the  carpus  are  arranged  in  two  transverse 
rows  to  give  greater  breadth  for  the  support  of  the  hand. 
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There  are  corresponding  bones  in  the  tarsus.  Those  of  the  second 
row  tally  bone  for  bone  with  the  second  row  of  the  carpus. 

But  those  of  the  first  row  are  arranged  one  behind  the  other,  for 
the  obvious  purpose  of  increasing  the  length  of  the  foot,  by  the 
projection  of  the  heel  for  the  support  of  the  body.  Compare  the 
following  tables. 

CARPAL  BONES. 

Second  Eow.    Trapeziuin,  trapezoidcs,  os  magnum,  unciforme. 
FiBST  Row .  .    Scaphoides,  lunare,  cuneiforme,  pisiforme. 

TARSAL  BONES. 

Second  Eow,  1.  Ento  Cuneiforme,  2.  Meso  Cuneiforme.  3.  Ecto  Cuneiforme.  Cubpides, 

r  Scaphoides 

FiKST  Eow  ....■{  Astragal  u  s  (lunare) 

t  Oscalcis  (cuneiforme,  pisiforme). 

The  bones  of  the  metacarpus  and  phalanges  of  the  fingers  corre- 
spond bone  fot  bone  with  those  of  the  metatarsus  and  the  toes. 


INDEX. 


BO]sr;ES. 


PAGE 

Absorbents  of  bone   13 

Acetabulum   166 

A  daptation  of  man  to  erect  attitude  220 

Atlas   45 

Antrum    86 

walls  of   84 

Aqueductus  cochlesB    70 

Fallopii   71 

vestibuli    69 

Arch  of  foot  ^.201 

Arytenoid  cartilages    227 

Astragalus    194 

Axis    46 

Base  of  skull,  from  within   Ill 

from  below    114 

Bone,  absorbents  of   13 

articular   22 

air  cells  in   7 

blood  vessels  of    10 

canaUculi  of   15,  20 

chemical  composition  of.   3 

classes  of   5 

deyelopment  of  in  cartilage  ...  25 
„  membrane...  32 

divisible  into  layers   8 

elasticity  of   5 

formation  of   23 

increase  of  in  length    36 
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